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1 EXPRESS my heartfelt gratitude to the members of the Indian Botanical 
Society for having elected me as President. I have chosen the subject 
of Soil Fungi for my address, not only because of the interest I have 
in it but also because I feel that in India this subject has not received 
the attention it deserves. The work on soil fungi has been reviewed 
earlier by Brierley (1923), Gilman and Abbott (1927), Gilman (1945) 
and Chesters (1949). In this review I wish to present to the members 
a brief account of the earlier work and a survey of the recent develop- 
ments in the study of soil fungi with special reference to the work 
done in India. 
TAXONOMIC WORK 


A commencement of a study of soil fungi was made as early as 
1886 when Adametz in Germany isolated several species of fungi in the 
course of his biochemical studies on soils. This work was, however, 
not followed till in 1902 Oudemans and Koning isolated and described 
45 species of soil fungi from Holland, the majority of which were new 
to science. This was soon followed by a flood of activity in the studies 
of soil fungi and a large number of contributions came forth from 
different parts of the world. The well-known monographic works 
on Mucorales by Hagem in Norway and Lendner in Switzerland 


ee appeared in 1908. Dale (1912) in England studied the fungi from several 
kinds of soils. Almost contemporaneously, Jensen (1912), Goddard 
~ (1913) and Waksman (1916) published accounts of soil fungi from 


various parts of U.S.A. The studies of Waksman were the most out- 
standing. He isolated more than 200 species. Other notable workers 
have been Werkenthin (1916), LeClerg and Smith (1928), Jensen (1931) 
and Cobb (1932). With the studies of Harvey (1925) a new technique 


for isolating aquatic forms from soils was introduced. He isolated a 


number of aquatic moulds of the Saprolegniacee by placing little bits 
of soil in water and adding boiled hemp seeds as baits. Several other 
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workers followed this method and it is now well established that soil 
is a natural habitat for these fungi. 


In India, Butler (1907) was the first to pay attention to soil fungi. 
He isolated species of Pythium and some chytridiaceous fungi from 
soil. Thakur and Norris (1928), and Chaudhuri and Sachar (1934) de- 
scribed the soil fungal flora of some Madras and Punjab soils respectively. 
Galloway (1936) studied the soil fungi of various parts of Northern 
India especially from the Himalayan hills. Other important workers 
have been Hukumchand (1937) who studied the fungal flora of Lahore 
soils, Ghatak and Roy (1939) who listed the fungi isolated from a paddy 
field, and Dutta and Chaudhury (1944) who worked on Lahore soils. 
Sadasivan, his students and collaborators have done extensive work 
on tropical cultivated soils in relation to soil-borne Fusarioses. Their 
studies on the wilt organisms and the metabolites in their hosts have 
revealed many new experimental facts of fundamental importance. 
These results have been recently reviewed by Sadasivan and Subramanian 
(1954). More recently Ravi Prakash and Saksena (1952) have studied 
the decomposition of paddy and bajra straws by soil fungi, Saksena 
and Mehrotra (1952) have worked out the soil fungi of Allahabad, 
Saksena and Murty (1953), Saksena (1953 6, 1954) and Shetye (1954) 
have investigated the fungal flora of the forest soils of Sagar and its 
adjoining area. 


Much of the work cited above is predominantly confined to 
taxonomic studies and it is generally the agricultural soils which have 
been dealt with having a few exceptions of such natural soils as forest 
and prairies. The soils in agricultural lands are constantly disturbed 
by various tillage operations, manuring, etc., and hence in spite of their 
great economic importance, these soils are less suited for understanding 
the fungi in their natural and undisturbed state. The study of soil 
fungi of forest and grasslands assumes a special significance in this 
context and should receive greater attention than has been its share 
so far. These soils have acquired an equilibrium with the physical, 
chemical and biological conditions of the environment and are the 
natural habitats of the soil fungi. Ling-Young (1930) has pointed out 
that to obtain a correct idea of the soil fungi in their natural endemic 
conditions the soils from such areas as forests, prairies and hill tops 
should be examined. 


As in all other groups of Botany, in fungi too, the study of 
‘function’ is gaining greater importance than that of ‘ structure’ 
although it is well known that the study of one divorced from the other 
may not only be barren but also futile. A vigorous search in the soil 
is apt to reveal new species of unique importance which may go a long 
way in understanding the structural sequences in phylogenetic con- 
siderations. Actinoplanes philipinensis Couch and Saksenea vasiformis 
Saksena may be cited as examples. Besides, the new forms may 
provide fresh and suitable material in understanding the riddles and 
complexities of such other branches of study as Genetics and Physio- 
logy. The classical works on Neurospora by Dodge and others and on 
Melanospora destruens Shear by Hawker are the glaring examples. 
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Another remarkable fact which emerges out of these floristic 
studies is the difference in the microflora of different regions especially 
of the deeper layers. The spatial distribution under subterranean 
conditions is slow and radically different from that which exists in 
ordinary aerial or sub-aerial environments. A fungus producing a 
mass of spores in air has a rapid chance of dispersal through the air 
currents, water and other physical and biotic agencies. The situation 
in the under-world is more circumscribed. The fungus either moves 
slowly as a result of vegetative growth of the hyphe or, if sporulating, 
the spores are carried by the undercurrents of water or by tiny motile 
creatures which act as vehicles of dispersal. The resistance and obstruc- 
tion offered by the soil is considerable and the rate of dispersal is fairly 
low. It will be an interesting study to work the dispersal rates of 
different species of fungi in soils especially at different depths and the 
mechanisms they employ. 


ISOLATION OF SOIL FUNGI 


Methods for the isolation of soil fungi deserve special consideration. 
Every new method which is devised has its own special value and gives 
information of a particular nature which cannot be easily derived by 
other means. 


Soon after the earliest reports of fungi from soils, many myco- 
logists began to throw doubts on the existence of a true fungal flora 
in them. The commonest method of isolating fungi has been by agar 
platings modified by various workers to suit their particular points of - 
view. A common objection against this is that in spite of the most 
scrupulous care there always remains a chance that some fungus spores 
from air may find their way in the dishes and on_ being lodged on the 
medium, form colonies. The other limitation of this method is that 
the media used are selective in their action and many fungi may not 
find the conditions suitable for their growth and may thus get elimi- 
nated. This second objection is much more valid since comparative 
studies by agar plate method and the so-called direct microscopic 
methods have revealed that it is usually a fraction of the total soil 
micro-population which gets reflected in the agar plates or culture 
flasks (Waksman, 1952). However, there is one great advantage in 
the agar plate method in that here only living organisms are counted. 


To meet the above objections, methods have been devised to study 
the soil by microscopic examination without taking resort to culture. 
These methods are usually referred to as the ‘direct methods’. A com- 
monly employed method is the preparation of a sort of smear of the 

soil on a slide. A suspension of the soil is made in some dilute fixa- 
tive and a few drops of it are spread on a clean slide which is then 
dried, stained and examined under the microscope (Conn, 1922), 
Various modifications of this method have been employed to suit the 
different types of micro-organisms. The one used by Jones and 
Mollison (1948) deserves special mention. In this, a measured small 
quantity of soil is mixed up in molten agar gel. Small drops from this 
are placed on the slides, spread in thin films and allowed to solidify. 
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Staining is done with acetic-aniline blue followed by dehydration in 
alcohol and mounting is done in euparol. By counting the number 
of organisms in a measured area of the film a quantitative estimation 
is obtained. This method has been usually employed with the various 
classes of micro-organisms—fungi, bacteria and actinomycetes. 


Cholodny (1930), however, pointed out that it is not possible 
to obtain an exact picture of the micro-organisms by any of these 
methods. Since the shaking of the soil with water disturbs it in a 
manner that its original state is lost. Rossi (1928) and Cholodny 
(1930) devised a method commonly known as ‘contact-slide’ or ‘soil- 
plate’ method. This consists of making a narrow slit in the soil by 
means of a sharp knife and inserting a clean slide into the slit. The 
soil from the two slides is gently pressed so that it comes in contact 
with the slide from both the sides and remains in the natural state. 
The slide is left in position for 1 to 3 weeks. It is then removed and 
cleaned on one side. The preparation is fixed, stained with phenol 
erythrosin and finally washed, dried and examined. The method has 
succeeded in giving a more natural picture of the organisms. It has, 
however, its own limitations. Often the specific identifications are 
difficult to obtain and it gives no idea about the function or special 
characteristics of the organisms. 


Another important direct method has been developed by Kubiena 
(1932). He used a special microscope for the examination of soil in 
an undisturbed condition. There is a special device of surface illumina- 
- tion attached to the microscope and the organisms can be seen in their 
natural state. It is possible to pick up the bigger organisms with the 
help of micro-manipulators and to study them after suitable prepara- 
tion. The method, however, has not been used extensively and only 
limited information is available. For the measurement of colonisation 
and survival of soil Fusaria, Sadasivan (1939), Walker (1941), Subra- 
manian, (1946, 1950) and Zachariah (1949) have found the root burial 
technique of great help. But this technique does not give a quantita- 
tive picture of the distribution of spores, mycelia, etce., in various 
regions in the soil profile with or without crop plants (Stover, 1953). 
Among others the ‘immersion tube method’ of Chesters (1940) may be 
mentioned.. He has employed tubes with capillary orifices in their 
lower parts. Such tubes are filled with sterilised medium and are 
immersed in soil for incubation. According to Chesters (1949) “the 
species of fungi which are isolated from such tubes usually possess a 
widely spreading mycelium and grow actively in the soil. Although 
this method does not permit visual inspection of the soil for active 
mycelium there is little doubt that living hyphe must be present in the 
soil adjacent to the tube before the species can be isolated’’. 


It will be clear from the aforesaid that different methods have their 
own specific merits and none is perfect in all respects. It may be 
mentioned here that in spite of several ‘direct methods’ which are 
available now the age long ‘dilution plate method’ still remains a potent 
tool of Investigating the soil microflora and it is by this method that a 
mass of information on this subject has been gathered, A comparison 
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of the ‘dilution plate method’ with the ‘direct methods’ has been made 
by Jensen (1931) in his extensive studies on Danish soils. He made 
a statistical analysis of his results and came to the conclusion that the 
information obtained by the ‘plate method’ on the quantitative 
occurrence of various fungi was not a matter of chance but it was a 
true representation of facts. In my opinion the information should 
be obtained by as many methods as possible in order to get a correct 
picture of the fungal flora. 


ECOLOGICAL ASPECTS 


Though studies of soil fungi have been engaging the attention 
of a large number of workers, the ecological factors which govern 
their distribution have not been seriously studied till recently. In the 
earlier works it has been recognised that the bulk of the fungal flora 
in soil is confined to the upper layers. Some fungi habitually occur 
in deeper layers such as Zygorrhynchus (Waksman, 1916) which is present 
at 12 to 30 inches depth and species of Fusarium were found up to a 
depth of 38 inches (Rathbun, 1918). 


There has been considerable difference of opinion regarding the 
species of fungi which are found to occur in different types of soils. 
Werkenthin (1916) and Brierley (1923) could not find any substantial 
difference between the cultivated and uncultivated soils. It is gene- 
rally agreed that the Mucorales and species of Penicillia widely occur 
in the soils of northern latitudes whilst species of Aspergilli are dominant 
in the warmer regions. Certain species are dependent on the reac- 
tion of the soil, for example, Jensen (1931) reported Penicillia and 
Trichoderma common in acid soils and Mycogone nigra (Morgan) 
Jensen and Coccospora agricola Goddard in alkaline soils. The genus 
Trichoderma is usually found to occur in wet and water-logged soils. 
With other common species there are conflicting findings on the nature 
of their habitat. 


-Recently, Warcup (1951) has studied the fungal flora of five 
different kinds of natural undisturbed grassland soils at Lakenheath 
Warren, England, in great detail. He recorded the frequency of 
occurrence of different species at different horizons and gathered very 
valuable data. The commonest genera isolated by him have been 
Penicillium, Mortierella, Absidia, Cephalosporium, Fusarium, Gliocladium, 
Gliomastix, Mucor, Thielavia, Trichoderma and Zygorrhynchus. The 
fungi show different distributions in the five soils and two large groups 
could be distinguished: those common in the acid soils and _those 
occurring in alkaline soils. Warcup’s work has been unique in the 
sense that the technique for quantitative analysis of different flora 
was applied for the first time. Recently Tresner etal. (1954), who 
investigated the distribution of soil micro-fungi of the hardwood forest 
of Wisconsin, have used the technique of phytosociological analysis 
in the same manner as it is done in the case of higher vegetation. It 
was possible to apply such denotations as ‘dominant species’, ‘pioneer 
species’, ‘climax species’, etc., after determining the frequency and 
relative density of different species in different soil types. Obviously, 
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this enables one to get a more correct picture of the micro-organisms 
residing in the soil. They also gave the relative size of accompanying 
bacterial and actinomycetous populations. This line of approach 
offers great possibilities since we are able to probe deeper into the 
meaning of the distribution of various species. 

Almost simultaneously, Saksena (1954) has worked out the fungal 
flora of forest soils of Sagar. Incidentally the technique applied has 
been almost the same as followed by Tresner ef a/., though the terrain 
involved and the climatic conditions, etc., are entirely different and so 
the findings. Along with the analysis of the surface vegetation and 
the fungal flora the soil characteristics, both physical and chemical, 
were examined in detail. An exhaustive data has been collected on 
such items as the surface geology, physical characteristics, moisture 
content, water-holding capacity, hydrogen-ion concentration, organic 
matter, nitrogen content, exchangeable bases, carbonates and phos- 
phates. Of the characters studied six were found to be specially 
significant which appear to govern the distribution of fungi, viz., the 
surface cover, water-holding capacity, organic matter, hydrogen-ion 
concentration, exchangeable calcium and the nitrogen content. The 
quantitative abundance of fungi in different horizons of profiles were 
studied. In general, fungi were found to be more abundant in the 
upper layers than down below. but exceptions to this did occur, some- 
times, in one soil type, which was badly exposed to summer drought 
as having “‘pioneer conditions”. The analysis of the phytosociological 
data reveals that there were species which could be termed as “‘pioneer 
species,” e.g., Penicillium funiculosum Thom and Aspergillus fumigatus 
Fresenius which occurred only in these dry conditions. On the other 
hand there were species such as species of Gliocladium and Cunning- 
hamella which appeared only in soils of mature forests and hence 
called “‘climax species’. Such ‘climax’ and ‘pioneer’ species can be 
regarded as good indicators of soil conditions. Of course, there were 
a host of other fungal species which did not show such rigid distribu- 
tional patterns but had greater ecological tolerance with irregular 
patterns of distribution. This situation is found to be analogous to 
what is found in the distribution of species of higher plants constituting 
the forest in the investigated area. 


The aforesaid work of Warcup, Tresner et a/. and Saksena opens 
up a new approach to the study of soil micro-organisms. Valuable 
information on the occurrence and distribution of species can be 
elicited by these methods and important conclusions can be drawn. 
These ecological studies supplemented with the information on the 
physiological behaviour by cultural studies would throw a fresh light 
on the associative relationship of fungi and other organisms as they 
exist in nature. It is expected that more workers will follow this 
method to gather information from different types of soils which will 
enable us to make comparisons on a large scale. 


THE BIOLOGICAL BALANCE IN SOIL 


In recent years few scientific discoveries have appealed 
In recent | c to the 
public imagination as much as the discovery of penicillin. It has been 
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aptly called the “wonder drug’ and countless lives have been saved 
by Its use. Its vast therapeutic importance has overshadowed the fact 
that it is but one of the many antibiotic substances which are secreted 
by the micro-organisms in order to maintain an equilibrium in nature. 
To appreciate the role of antibiotics in nature one has to turn to the 
natural habitat of these organisms which normally, in most cases, is 
soil. The upper layers of most soils are very rich in micro-organisms 
both in quantity and variety. Obviously there is a very keen competi- 
tion between the organisms for food. If an organism is able to secrete 
a substance which is inimical to the growth of other organisms thus 
forming a sort of protective fence all-round, it is able to succeed better 
than others which are unable to do so. If the mould flora of a soil 
rich in organic matter is examined it is found to consist of species which 
are known to produce such antibiotic substances as penicillin, glio- 
toxin, patulin or viridin. The exact relationship. between the different 
fungi and other organisms in the soil is to a large measure still 
unknown. Although most of the antibiotic substances that have been 
studied so far are largely active against bacteria, some have also been 
found to exert a marked effect upon fungi. Millard and Taylor (1927) 
showed that potato-scab caused by Actinomyces scabies (Thax.) Gussow 
was arrested if the field received large amount of organic matter by 
green manuring. It was found that under these conditions the growth 
of other saprophytic species of Actinomyces was favoured which sup- 
pressed the pathogenic species. Further, it has been reported that 
Fusaria are unable to make free spread in unsterilised soils. Evidence 
indicates that any change brought about in microbial numbers either 
by addition of an active micro-population from pure cultures or by 
increasing soil fertility by trace element amendments (Thankam, 1949; 
Sadasivan, 1950, 1951; Sulochana, 1952, 1952 a) brings down the sur- 
vival and saprophytic activity of Fusaria in soils. It has further been 
pointed out by Sadasivan and Subramanian (1954) that the longevity 
of Fusarium solani and possibly other Fusaria also in soils seems to 
depend on the associative microfloras with which they occur. Experi- 
ments in America have shown that in the absence of effective anta- 
gonism from associated saprophytes the incidence of the scab is severe. 


The antagonistic action of Trichoderma lignorum (Tode) Harz. 
and Gliocladium fimbriatum (Gilman and Abbott) on such parasitic 


‘fungi as Rhizoctonia solani Kuehn, Sclerotium rolfsii Sacc. and Phyto- 


phthora parasitica Dastur was demonstrated by Weindling (1932, 1934, 
1938). Allen and Haensler (1935) applied cultures of Trichoderma to 
the soil and demonstrated that the incidence of damping off was checked. 
Work on similar lines has been carried out by Vasudeva and his col- 
laborators (Vasudeva, 1949). In the case of Rhizoctonia bataticola 
and R. solani the causal organisms of root-rot disease of cotton, he 
showed that the presence of Trichoderma lignorum and Aspergillus niger 
in the inoculum greatly retarded the growth of the pathogens. The 
hyphez of T. lignorum showed a dissolving effect on the hyphe of these 
parasitic forms (Vasudeva and Sikka, 1941). Garrett (1934, 1938), Porter 
and Carter (1938) and Weindling (1938) have reviewed the work done 
on the role which the microflora of the soil play in keeping down the 
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incidence of the parasitic organisms in the soil. This field of research 
is full of many possibilities. The phenomenon of associative and 
antagonistic effect is obviously complex and needs investigation by 
the mycologists, bacteriologists and biochemists. 


EPILOGUE 


The study of soil fungi is a complex science and needs investigation 
from several view-points. Taxonomically there are a large number 
of fungi awaiting discovery, especially from the deeper layers which 
are more restricted in their distribution. Ecologically, we are yet to 
understand and analyse the complexity of factors which govern the 
occurrence and distribution of various species. The situation here is 
more complex and difficult than in the case of ecology of higher plants 
because of the greater changes and variety in the subterranean micro- 
climates which are more difficult to assess and analyse. The associa- 
tive and antagonistic effects of various classes of micro-organisms add 
further problems to the already bewildering complexities, Though 
these studies of soil fungi bristle with difficulties yet the economic and 
academic aspects, such as the role of fungi in the decomposition of 
plant debris, the production of antibiotics, the occurrence of various 
soil-borne plant pathogens and above all the challenging complexities 
encountered in all these phases of study should attract a galaxy of 
enthusiastic and energetic investigators working in teams. 
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STUDIES IN DAVALLIACEA 
I. Morphology of Leucostegia immersa (Wall.) Presl. 


By P. KACHROO 
Assistant Botanist, D. V. C., Burdwan 


(Received for publication on June 5, 1954) 


WHILE there is a general agreement with respect to the derivation of 
Davalliacee from Dennstedtioid type (Bower, 1928; Holttum, 1949), 
opinions differ with regard to its exact relationships. It has, therefore, 
been considered worthwhile to undertake a detailed study of the morpho- 
logy of Davalliacee and related groups, namely, Pteridacee (see Kachroo 
and Nayar, 1953) and Aspidiacez. 


The present communication is based on a morphological study 
of Leucostegia immersa (Wall.) Presl. It is distributed from India to 
New Guinea and is a medium-sized epiphyte with a creeping rhizome 
and pinnately compound leaves. In Assam it occurs at Shillong, 
Cherrapunji (Khasi Hills) and Imphal (N.-E. Frontier of India). The 
material for the present investigation was collected from these places 
during September-October, 1950 and July, 1952. The gametophytes 
were raised as in a previous investigation (Kachroo and Nayar, 1953). 
Most of the observations on the thallus and antheridium have been 
made from living material and a detailed study of sex organs and 
embryo has been made from thalli fixed in CRAF, embedded in paraffin, 
sectioned 6-12 thick and stained with crystal-violet and erythrosin. 
Hand sections were freely employed for the study of anatomy of rhi- 
zome and rachis. ‘ 

RHIZOME 


The rhizome is slender, fleshy, about 5mm. in diameter, creeping 
and closely beset with hairs and non-peltate palex directed forwards 
and bearing sparsely placed fronds in alternate succession. The epi- 
dermis is composed of short, nearly brick-shaped cells with thickened 
outer walls. The hairs are filamentous, while the palee are lanceolate, 
with broad base, a more or less irregular margin, a glandular tip and 
with uniformly thickened cells (Fig. 2). The 3-5 layered brown hypo- 
dermis consists of parenchymatous cells and beneath it is the ground 
tissue of large polyhedral cells, with straight or irregular walls and 
packed with starch grains; irregularly scattered within this tissue are 
a large number of cavities full of tannin (Fig. la). The cells of the 
ground tissue abutting on the vascular bundle are smaller, more regular 
in shape and usually with intercellular spaces. The vascular bundle 
is a ‘gutter-shaped’ siphonostele with its concavity facing upwards 
(Fig. 3a). It is composed of a central core of metaxylem with 2 or 
more protoxylem points towards the free margins. It is completely 
surrounded by phloem, with 2-3 layers of pericycle of small regularly 
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Fics. 1-3. Fig. 1. t.s. rhizome (a portion)— E, epidermis; 7, tannin cell; 
G, ground tissue; En, endodermis; P, pericycle; Ph, phloem; X, xylem. a X25; 
b, x40. Fig. 2,a, palea, x5°5; 5b, apical portion of same, x162. Fig. 3. 
Vascular system of rhizome including a node—Lt, leaf trace; Rt, root trace; a-f, 
t, sections showing the structure corresponding to a—f indicated on the stele, x 1°25. 


arranged parenchymatous cells. The endodermis is well-defined 
(Fig. 1b). 


At a short distance beyond the node on the adaxial side a small 
vascular strand is given off from one of the free margins of the stele. 
It moves forwards, occupies a more or less dorsal position and finally 
merges with the opposite margin of the stele at a point just before the 
next leaf trace is given off. During its course it gives off side branches 
which fuse with either margin of the stele facing it. This results in 
the formation of a reticulum on the dorsal side (Fig. 3). The leaf 
trace is double and enters the petiole as two strands (Fig. 3 e). Each 
of these strands arises from the free margins of the stele towards the 
dorsal surface, In their formation each free end cuts off a small apical 
strand which passes gradually obliquely through the cortex to the leaf 
base (Fig. 3, d, e). Branching is rare and root traces are given off 
from the external surface of the stele. There is no correlation between 
branch traces, root traces and leaf traces. 
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LEAF 


The leaves are pinnately decompound, up to 13 inches in height, 
yellowish-green, glabrous, thin, nearly ovate; the pinne and pinnules 
have an oblique base of various shapes. The terminal pinnule of the 
leaf has an apical notch and is strap-shaped in outline. The other 
pinne are mostly ovate-obovate. A distinct phyllopodium is not 
observed. The rachis is hard, with a mid-dorsal groove, dark-brown 
at base and yellowish green higher up, always terminating in a pinnule. 
Pinne and pinnules are given off in alternate succession. 


Fics. 4-10. Fig. 4. pinna, x#. Fig 5. t.s. base of rachis, x2°5. Fig. 6. 
same higher up, x2°5. Fig. 7. same showing origin of pinna trace, x3. Fig. 8. 
t.s. rachis (a portion)—E, epidermis; H, hypodermis; C, cortex; G, ground 
tissue, x40. Fig. 9. Portion “of pinna with indusiate sori. x5. Fig. 10 a, 
sporangium; b, portion of same showing stomium (S), x25. 


Two vascular bundles enter the leaf base (Fig. 5), come gradually 
close to each other and later fuse into a single semilunar strand (about 
3 cm. from the base), with the concavity facing the dorsal side (Fig. 6). 
It gives off traces to pinne marginally in alternate succession (Fig. 7). 
At the base of the rachis all the cells are brown, thick-walled and with 
intercellular spaces. Higher up there is demarcation between an outer, 
brown, thick-walled region and an inner, yellowish, thin-walled region. 
The epidermis consists of thick-walled cells, which closely resemble 
the cells of the hypodermis, being longer than broad; next is a region 

-of thick-walled polygonal cells followed by rounded cells with large 
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Fics. 11-24, Fig. 11. spore, x164. Fig. 12. first prothallial cell and rhizoid, 
x 162. Figs. 13,14. Filaments a week old, x 162. Figs. 15-19. Stages in develop- 
ment of plate. x162. Fig. 20. Thallus with antheridia (a). Fig. 21. Thallus 7 
months old—/, hair. Fig. 22. midrib region showing hairs (A), antheridia (a), 
archegonia (ar) and apical notch (m). Fig. 23. a-d, hairs. Fig. 24. a, t.s.. 
thallus at midrib region; b, same at wing. Figs. 20-24. x37°5. 


intercellular spaces (Fig. 8). The structure of the vascular bundle 
resembles that of the rhizome. 


The venation is open, dichotomous and the vein-endings swollen 
(Fig. 4). The margin of the lobes of the leaf is dentate, each with a 
vein ending. In the lamina the mesophyll is undifferentiated and with 
armed cells, with large intercellular spaces. The cells of the lower 
and upper epidermis have wavy walls and bear scanty chloroplasts. 
The stomata are confined to the abaxial surface. 


Sori are terminal on the vein endings and protected by a hemi- 
spherical indusium fixed by base (Fig. 9), but all the vein endings in 
a segment are not fertile. The margin of the lobe adjoining a sorus 
usually bends inwards to form a roof over half of the opening of the 
sorus. The development of the sorus is of the gradate type and deve- 
lopment of the sporangium of the usual Leptosporangiate type. Each 
sporangium has a long stalk, with an annulus of 16 cells and a stomium 
with 2 cells in each lip (Fig. 10, a and 5). 


The roots bear long, brown, persistent hairs; the cortex is differ- 
entiated into an inner sclerenchymatous and an outer parenchymatous 
region; the stele is small and nearly circular in outline. 


GAMETOPHYTE 


The spores are bilateral, oblong-reniform, yellowish, tuberculate 
(Fig. 11) and measure about 39 x30. They germinate within a fort- 
night. The spore coat ruptures along the longitudinal mark on the 
concave side (Fig. 12) and the earlier stages of germination do not 
show much deviation from those of other advanced Leptosporangiates 
(Figs. 12-15). The formation of a filament is the rule and a two- 
sided apical cell appears at an early plate stage (Figs. 16-19). Later 


this is replaced by a transverse meristem (Fig. 20). A midrib is deve- 


loped by divisions parallel to surface in the cells just behind the apical 


~ notch. 


The mature gametophyte is cordate with the transverse meristem 
in the notch. After the formation of archegonia the thallus develops 


hairs along the anterior region of the lobes. A number of dorsal and 


ventral hairs extend beyond the notch and thus protect the apical 


z region. The older thalli show such hairs on the ventral and dorsal 
surfaces (Fig. 21). Similar hairs are also aggregated on the anterior 


region of the midrib ventrally and side by side with archegonia. In 
a few cases they are completely wanting from the dorsal surface. 


On the young thalli such hairs are mainly unicellular, club-like and 


s 


WAY 


with a glandular tip, or acicular and with or without a glandular tip. 
Tn still older thalli (6-9 months old) they are 2-3 cells long (Fig. 23 a). 
The club-like ones are either short and stumpy or longer (Fig. 23 c, d) 
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and the acicular ones may be as long as 0:5 mm. (Fig. 23 6). Both 
types of hairs occur side by side (Fig. 22). The midrib is 10-12 cells 
thick in the older thalli (Fig. 24 a) and 7-9 cells thick in the younger 
ones. Figure 144 is a cross-section through the wing of an old 
thallus. 


The malformations caused by unfavourable environmental condi- 
tions are less numerous than those of Adiantum (Kachroo and Nayar, 
1953), Pteris and Cheilanthes. 


ANTHERIDIUM 


The development of the antheridium follows the plan described 
for some Polypodiacee (Davie, 1951). They are usually restricted to 
the midrib region and sometimes develop on the lobes. Occasionally 
they occur side by side with archegonia. The size of the antheridium, 
however, varies on the same thallus. Occurrence of antheridia with 
more wall cells is more prevalent than in other genera studied by the 
author: Adiantum, Pteris, Cheilanthes, Drynaria (Nayar and Kachroo, 
1953) and Pyrrosia (Kachroo, 1954). The antheridial initial makes 
its appearance as a hemispherical protrusion which later assumes a 
globular form (Figs. 25, 26). Soon it divides by a transverse wall into 
an upper larger and a lower smaller basal cell (Fig. 27). The high 
turgidity in the upper cell sets a downward pressure which presses the 
lower wall of this cell until it meets with the basal cell and assumes a 


Fics. 25-38. Development of antheridium, 162. For explanation see text. 


funnel-like appearance. The outer cell is then divided b - 
shaped wall into a central androgonial cell and an upper ceil dig a 
The latter cuts off an opercular cell terminally (Figs. 29-31). The 
central cell now sets an upward pressure till its upper wall meets with 
the basal wall of the opercular cell. At. this stage the antheridium 
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is globular consisting of a basal funnel-like cell, a central androgonial 
cell, an opercular cell and the so-called ring cell (Fig. 32). It is not 
uncommon to find an antheridium with the ring cell divided into two 
by a transverse wall (Figs. 34, 35). The opercular cell is invariably 
thrown off at dehiscence (Fig. 33), but in smaller antheridia its separa- 
tion is slow. The behaviour of the androgonial cell is same as in the 
advanced Leptosporangiates. In normal antheridia the number of 
antherozoids is 32. 


All the cells of the antheridium in the initial stages contain chloro- 
plasts which are smaller and fainter than those in the adjoining vegeta- 
tive cells. On the midrib of the old thalli there are often observed 
outgrowths of green bulbous or disc-shaped cells which sometimes 
bear hairs or may appear to be a part of an antheridium (Figs. 36-38). 
Such outgrowths have been reported in several ferns (Dopp, 1927; 
Stokey and Atkinson, 1952). 


ARCHEGONIUM 


The archegonial initial appears in 7-13th segments cut off from the 
apical meristem. It has a prominent nucleus, deeply staining cyto- 
plasm and numerous small peripheral vacuoles (Fig. 39). It is soon 
divided by a transverse wall into an outer smaller and an inner larger 
cell. The latter undergoes another transverse division resulting in 
the formation of the characteristic tier of 3 cells (Figs. 40, 41). Usually 
the peripheral cells adjoining the archegonium also divide to form hairs. 
The primary neck cell divides to form 2 (Fig. 42) and later 4 surface 
cells. The latter form the 4 tiers of neck cells. Now the primary cell 


_ of the axial row enlarges and pushes outwards the neck cells which thus 


form a dome (Fig. 43). Gradually it becomes pear-shaped, shows 
vacuolation and undergoes a transverse division to form an upper 
neck canal cell and a lower central cell (Figs. 44, 45). At this stage 


_ the vacuoles are very prominent in the neck canal cell. There is usually 


a small one towards the apex and a larger one towards the base 


_ (Figs. 46, 47) and there are 2-4 neck cells in each tier. The prothallial 


cells next to the lowest neck cell divide further to initiate the forma- 
tion of a ventral jacket (Fig. 52). Next an unequal division occurs in 


the central cell forming a ventral canal cell and an egg cell (Figs. 49, 50). 


The neck canal cell is always binucleate (Fig. 48) and in the mature 


-archegonium either the 2 nuclei lie in a plane parallel with the surface 
_ of the basal cell or at right angles to it. They are always found between 
- the 2 vacuoles (Figs. 51, 52, 56a). In one case both the nuclei in the 
~ neck canal cell show signs of further division to form 4 nucleate neck 
~ canal cell. 


The neck cells do not show simultaneous divisions in all the 4 tiers 


but the frequent divisions are at the base and apex of the elongating 
~ neck (Fig. 52). While these changes are taking place the neck gradually 
bends towards the base of the prothallus. The neck cells in the mature 
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archegonium usually number 4-6 in the anterior region and 3-5 in the 
posterior region (Figs. 52, 54, 56). This number is variable. Occa- 
sionally the neck becomes bulbous towards its apex due to enlarging 
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me 
apical region of the neck canal (Figs. 53 and 54), perhaps expan 
Rar tue cca AS of the vacuole which is so conspicuous at the 
tip of the neck canal cell. 


Fics. 39-56. Development of archegonium, x162. For explanation see text. 


The division of the basal cell is rather late and a 2-celled condi- 
tion becomes prominent only after the differentiation of the axial row. 
The lowest neck cells divide obliquely-periclinally at maturity to 
accommodate the enlarging venter. This is accompanied by a division 
in the prothallial cells adjoining the egg and result in the formation of 
a ventral jacket. In a number of cases where the free end of the 
archegonium becomes bulbous, the neck cells directly over the region 
are thinner. In a few archegonia two eggs were observed in the venter, 
or a mitosis was observed in the egg cell while the axial row was still 
intact (Fig. 56a). When the archegonium matures and conditions 
necessary for fertilization appear, the neck canal cell and the ventral 
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canal cell become mucilaginous and force apart the neck cells (Figs. 55, 
56 a). The neck may not open at all and fertilization may not be rea- 
lised in all the archegonia. 


DISCUSSION 


Leucostegia, formerly included in Davallia and raised to generic 
rank in 1836, has been associated always with Davallioid ferns 
(Christensen, 1938; Copeland, 1947; Holttum, 1949), but its position 
within the group has been dealt with variously. Christensen (1938) 
regards it as advanced when compared with Davallia and Humata. 
Copeland regards it as a primitive member of the group (as genus 2 
of his family Davalliacez), while Holttum (1949) puts it as a most 
advanced member of the group, even more advanced than Araiostegia 
and remarks that all genera of the Davalliacee except Leucostegia are 
closely related. 


L. immersa has a creeping rhizome covered with hairs and palee. 
The latter are simple, with a more or less irregular margin, with occa- 
sional teeth on the anterior margin and with all the cells uniformly 
thickened, in contrast to Davallia which lacks hairs and where the 
palez are differentiated into 2 regions and have a toothed margin. The 
vascular structure is a gutter-shaped siphonostele differing from the 
highly disintegrated vascular system (indicating phyletic advance) of 
Davallia and Humata, siphonostele of Lindsaya and dictyostele of 
Nephrolepis. It gives off 2 leaf traces, one from each side of the free 
margins of the gutter, recalling the condition in some trailing species of 
Adiantum and differing from Davallia, where Bower (1928) describes 
more than 2 traces. In Humata heterophylla and H. repens which 
resemble Davallia in rhizome structure, the leaf trace is constituted of 
2 strands (Bower, 1928). The rhizome in Leucostegia thus shows a 
primitive condition of the stele, at least, among the Davallioids 
investigated so far. 


The sorus with a spindle-shaped receptacle differs from the flat 
one of Davallia and other Davallioid ferns and does not show any 
resemblance to that of Microlepia. 


The bilateral tuberculate spores resemble to some extent those of 
Araiostegia, Trogonostolan and Humata, in contrast to those of other 
Davallioids where they are bilateral and smooth. The formation 
of a filament is the rule during germination of spores. The mature 
cordate prothallus develops bristle-like hairs associated with short 
club-like hairs on dorsal and ventral surfaces as in D. pulcherra Don, 
D. Clarkei Baker, Tectaria variolosa (Wall.) C. Chr., T. fuscipes (Wall.) 
C. Chr., Cyclosorus gongylodes (Schkur) Link., C. mouliaculus (Wall.) 
Ching (unpublished data). Mahabale and D’Almeida (1953) also de- 
scribe hairs on the gametophytes of D. bullata and D. fijjensis. The 
antheridia and archegonia are normal except for the occasional pre- 
sence of a second ring cell in the antheridium and an extra egg in the 
venter, both being of no phylogenetic value. 

Thus it is probable that while Leucostegia arose from the ancestral 
group of Dennstedtiacee, it cannot be ascertained at present whether 
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it evolved independently of other Davallioids or not. Nevertheless, 
it is related to them and is to be considered a primitive member of the 
group. 

SUMMARY 


L. immersa has a gutter-shaped siphonostele giving off root traces 
from its external surface. The leaf trace is double, fusing higher up 
into a single strand and traces to pinne and pinnules are of marginal 
type. Sori are gradate, indusiate, intramarginal and terminal on the 
veinlets. A filament is formed during germination, a 2-sided apical 
cell is present in early plate stages and is later replaced by an apical 
transverse meristem. The mature cordate thallus has hairs on both 
surfaces. Antheridia with more than one ring cell are common. The 
neck canal cell has invariably 2 vacuoles, with two nuclei always between 
them. A few cases show 2 eggs in the venter. Leucostegia is more 
primitive than Davallia in the Davallioid group. 


I am deeply indebted to Prof. Alma G. Stokey and Prof. A. C. 


Joshi for kindly going through this paper and thankful to Mr. B. K. 
Nayar for his help. 
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STUDIES ON THE EFFECT OF 2, 4-D, NAA 
AND IAA ON GROWTH AND 
MATURITY OF WHEAT 
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(Received for publication on September 12, 1954) 


INTRODUCTION 


SINCE the discovery of synthetic phytohormones, a largé amount of 
work has been carried out on them in view of their economic importance. 
However, researches relating to the effect of presowing seed-treatment 
with the hormones, the topic of the present investigation, are relatively 
scanty, and the results are also conflicting. 


Cholodny (1936) found an increase in growth and yield of wheat 
and oats by treating the seeds with hormones. Dusting seeds of wheat 
and barley with Indoleacetic acid and Indolebutyric acid (2 ppm.) 
increased the root-length by 65% and 55% respectively, while a com- 
bination of these, at 2 ppm. each, increased it by 102% (Grace, 1937). 
McRostie et al. (1938) treated seeds of winter wheat with Indoleacetic 
acid and Naphthylacetic acid at 2 to 10 and 2 to 100 ppm. respectively, 
and obtained significant increase in straw production, yield, bushel- 
weight and nitrogen-content of grains. Pre-sowing soaking of seeds 
of spring wheat in 0:001 to 0:01 M. solutions of potassium salts of 
IAA, IBA, and NAA for 24 hours resulted in an increase of 4 to 8% 
in yield (Amlong and Naundorf, 1939). Hopkins (1940) treated barley 
seeds with 2:5 and 5 ppm. of IAA in talc at 0-5 0z. per bushel and 
recorded 10% increase in the dry-weight of the straw and 3% in the 
height without any increase in yield. Recently Sen and Moolani (1954) 
treated rice seeds with various concentrations of 2, 4-D for different 
durations and observed that 0:1 to 10 ppm. accelerated germination 
and growth, while higher concentrations depressed both. 


Negative results have been also obtained with pre-sowing treat- 
ment of seeds with hormones. Barton (1940) soaked seeds of wheat 
and other crop plants in solutions of IAA, IBA and NAA at con- 
centrations of 0-316, 3:16, and 316 mgm. per litre for 22 hours; the 
highest concentration affected roots, causing deformation, and NAA 
and IBA were found to be more toxic than IAA. Stewart and Hamner 
(1942), by soaking seeds of various crop plants in solutions of IAA, 
NAA, etc., at 5 to 10 ppm. prior to planting, observed neither stimula- 
tion nor inhibition of germination. Using the same pre-sowing soaking 
technique with IAA, IBA, etc., at 10, 50 and 100 ppm. for 8 hours at 
72° F., Kiesselbach (1943) found no significant benefit in germination, 
seedling development, time of maturity, and yield of several crop plants. 
Allard etal. (1946) observed a retardation in the rate of germination 
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and also a decrease in total germination with 1 ppm. of 2, 4D in sand 
cultures; addition of 2, 4-D to soil gave similar results. Naik (1954) 
studied the effect of IAA (1 to 10 ppm.) on the seeds of gram, pea and 
moong; the period of soaking varied from 6 to 18 hours; the rate of 
imbibition and therefore, of germination were affected by the higher 
concentrations. 


In view of the above inconclusive results, an attempt has 
been made during the course of the present investigation to find out 
the effect of pre-sowing soaking of seeds in solutions of 2, 4-dichloro- 
phenoxyacetic acid (2, 4-D), a-naphthaleneacetic acid (NAA), and 
b-indolyl acetic acid (IAA) on germination, growth and yield of wheat. 


METHODS AND MATERIAL 


Seeds of wheat C. 591 were kept in Petri dishes, without filter 
paper, in contact with solutions of 10 and 100 ppm. of 2, 4-D, NAA, 
and IAA, and with water for 24 hours at 17° to 19° C. They were then 
sown along with dry seeds (‘control’) in pots in duplicates on Sth of 
December 1953. Ten seeds were sown per pot, and 4 weeks after 
sowing, the seedlings were thinned to 5. The following observations 
were recorded: (i) sprouting during soaking; (ii) germination in the 
pots; (iii) height of the main shoot up to the base of the last open 
leaf or to the base of the ear, number of fully open green leaves, and 
number of tillers (including main shoot) at (a) seedling stage (4 weeks 
after sowing), (b) shooting stage (10 weeks after sowing) and (c) matu- 
rity; (iv) date of ear-emergence; (v) dry-weight of the shoots (minus 
grain) at harvest; (vi) yield of grain; and (vii) 1,000 grain-weight. 
Items (iii) to (vii) were recorded for individual plants, thus obtaining 
10 values for each ‘treatment’, having 2 pots, each with 5 plants. 


RESULTS 


The data were analysed statistically, following the Analysis of 
Variance method, wherein 7 ‘degrees of freedom’ were allotted to 
‘Between treatments’ and the remaining 72 d.f. to ‘Within treatments’. 
The values of Critical Difference are given along with the ‘means’ 
for the respective observations (Table I), wherever the differences due 
to the treatments were significant at 5% level. 


Sprouting and germination.—Sprouting was adversely affected by 
the three hormones. _The intensity varied with the concentration 
the higher concentration (100 ppm.) being more inhibitory than the 
lower (10 ppm.). The order of inhibition was IAA > NAA > 2, 4-D. 


Germination in soil improved in general b i i 

, y previous ‘soaking’. 
The highest percentage was obtained with water-soaking. yn 
the hormones, 2, 4-D gave the best germination, and NAA the lowest 
The concentration effect was negligible. 


Growth at seedling stage-——Four weeks after sowi i 
! 4 ing, height of 
main shoot of ‘control’ plants was 4-5 cm. PW idtes’nod king! did nat 
significantly differ from the ‘control’. A definite retardation in growth 
resulted from soaking the seeds in the three hormones at either con- 


ce ee ABP one 


at mee 


EFFECT OF 2, 4-D, NAA AND IAA ON WHEAT 23 


TABLE I 


Effect of 2, 4-D, NAA and IAA on sprouting, germination, growth and 
maturity of wheat C. 591 


Pre-sowing soaking in 
| Dry | 
Observation _ seed 2, 4—D (ppm.) | NAA (ppm.) | IAA (ppm.) | C.D. 
| (control) Phe ea ene eee Meee PESO Bear mae ; 
10 100 | 10 100 10 100 
| | 
(Mean of duplicates) 
Sprouting % BEA 56 46 40 36, 24 $2. 2 20 
Germination % vs ENZO 93 87 90 77 73 83 83 
(Mean of 10 values) 
Seedling stage— 
Height (cm.) 4-5 4-6 4:0 3-7 3°6 37 3°5 3-6 0-6 
Leaves (No.) | 2-7 2°5 2-2 2-0 2-2 2-1 21 203 0-4 
Tillers (No.) 1-0 1-0 1:0 1-0 1-1 1-0 1:0 1-0 0-1 
Shooting stage-— | 
Height (cm.) 24-3 21-2 29-9 23-2 24-9 27-2 28-3 27-8 3°8 
Leaves (No.) ae Ae ae 5-0 5-0 5-0 5:0 565 5-2 5-0 0:5 
Tillers (No.) ee 1-0 1-0 1-0 10 1-2 1-1 1-0 0-2 
Ear-emergence (Days)..| 84-8 81-3 82-6 84+7 84-3 83-1 80-3 82-9 2-6 
Maturity stage— 
Height (cm.) | 32-2 31°5 46-9 37-8 43-0 36-6 39-9 40-9 5-2 
Dry-matter (gm-) 0-373 | 0-430 | 0-531 0-361 | 0-574 0-301 | 0-375 0-399 | 0-051 
Grain (gm.) 0-332 0-318 0-471 0-298 0-409 0-288 0:326 0-369 0-053 
1,000 grain weight | 25-0 | 31-0 | 29-4 26-7 | 28-6 25-0 | 25-6 27-5 0-9 
(gm.) 


centration, except at 10 ppm. of 2, 4-D. The lowest value for height 
was noted for 10 ppm. of IAA which was only 78% of the ‘control’. 
Differences due either to the hormones or to their concentrations were 
not significant among themselves. 


Leaf number followed the same trend as height, but 10 ppm. of 
2, 4-D gave a significantly lower number (2-2) than that of ‘control’ 
(2-7). Even ‘water-soaking’ lowered the leaf number (2-5), com- 
pared to the ‘control’, though the difference was not significant. Til- 
lering, apparently, was not affected by any of the treatments. 


Growth at shooting stage-—Heights of the plants from the treat- 
ments, 10 ppm. of 2, 4-D (29:9cm.) and of IAA (28-3cm.), were 
significantly greater than the ‘control’ (24-3cm.); the remaining treat- 
ments did not differ significantly among themselves, though their heights 
were definitely better than ‘water-soaking’. Comparing the con- 
centrations, the effect was negligible for NAA and IAA, while 100 ppm. 
of 2, 4-D definitely depressed the growth, the heights being 29-9 cm. 
and 23-2cm. respectively for 10 and 100 ppm. 
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Leaf number either tended to be equal in all the tieatments or 
it was slightly improved by 100 ppm. of NAA (5-5) over the ‘control’ 
(4-7). Tillering seems to have improved only with NAA (100 ppm.). 


Ear-emergence.— Water-soaking’ and 10 ppm. of IAA hastened 
flowering by 3:5 and 4-5 days respectively over the ‘control’. The 
earliness due to ‘water-soaking’ was apparently neutralised by the 
other hormones at both the concentrations, particularly by 100 ppm, 
of 2, 4-D. 

Growth at maturity and yield—-Growth, as indicated by the height, 
was definitely superior for the three hormones at both the concentra- 
tions, except 100 ppm. of NAA, when compared with ‘control’ 
or with ‘water-soaking’. 10 ppm. of 2, 4-D gave the tallest plants 
(46-9cm.), while the plants of ‘water-soaking’ were only 31:5 cm. 
tall. The differences due to the concentrations were quite evident 
both with 2, 4-D and NAA; growth was significantly depressed by 
the higher concentration. With IAA, however, there was a tendency 
for improved growth with the higher concentration, the heights being 
39-9 cm. and 40-9cm. respectively for 10 and 100 ppm., but the differ- 
ence was not significant. 


The results on dry matter formed in the shoots (minus grain) and 
yield of grain from the various treatments are summarised below as 
percentages on ‘control’. 

TABLE II 


Dry matter production in shoots and yield of grain 
(Percentage on‘ control’) 


2, 4-D (opm. 


Observation \*0-ppm. a eens eae 


NAA (ppm.)| IAA (ppm.) 


10 100 | 10 100 | 10 100 


% % % % % % % % 
Dry matter eof OLS 142 97 15481 100 107 13 
Grain avi ea 142 90 123 87 98 111 16 


* 0-ppm. == ‘Water-soaking’. 


Vegetative growth, as indicated by dry matter formed in shoots 
was definitely improved by ‘water-soaking,’ the increase being 
15% over the ‘control’. It was further benefited by 10 ppm. of 2, 4-D 
and NAA, the increase over the ‘control’ being 42% and 54% respec- 
tively; the difference between the two hormones was not significant 
though they were both definitely superior to ‘water-soaking’. The 
higher concentrations of these two hormones tended to depress the 
vegetative growth, compared to the ‘control’; the maximum and 
significant decrease (19%) was obtained with 100 ppm. of NAA; the 
depressing effect becomes more marked when the treatments are com- 
pared with ‘water-soaking’. Again, at the higher concentration, 
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NAA was more toxic than 2, 4-D. Growth under IAA apparently 
improved with the higher concentration. 


G1: Control (C). 
©: Water Soaked (0), 
% Dry Matter A: 2, 4-D. Grain 
160: iva cre gen. AA ak: 
wm: 1AA. 


«<> C.D. 


Percentage on Control 
S 
nN 
() 


80; 


Concentration P.P.M. 


Fic. 1. The effect of the hormones on shoot-dry-matter at maturity (/eft) and 
yield of grain (right) wheat C. 591; C.D: Critical difference at 5% level. 


Relative to the ‘control’, yield of grain tended to be lowered when 
the seeds were soaked either in water or in 100 ppm. of 2, 4-D and of 
NAA; maximum depression amounted to 13% with 100 ppm. of NAA, 
but the difference was not significant. However, significant increase 
in yield: over ‘control’ was obtained with 10 ppm. of 2, 4-D and of 
NAA, the percentage increase being 42 and 23 respectively. 100 ppm. 
of IAA also improved the yield, but the increase (11%) was not significant. 


Quality of grain (Table I)—‘Water-soaking’ gave the highest value 
(31-0 gm.) for 1,000-grain-weight, and the ‘control’ the lowest value 
(25:0). The influence of the three hormones on the quality of grain 
was similar to that noted on yield of grain; 10 ppm. of 2, 4-D and of 
NAA were significantly superior to 100 ppm., while the relationship 
was reversed with IAA. 


DISCUSSION 


Technique.—The techniques adopted for studying the effect of 
synthetic hormones varied with the primary object, in view. Thus 
Grace (1938) adopted the dusting technique to neutralise the inhibi- 
tive effect of fungicides on germination. A continuous supply of the 
hormone solution to find out its effect on germination and growth 
of roots and shoot in seedlings was tried by Stewart and Hamner 
(1942), Grace (1937, 1938), Allard etal. (1946). A few workers 
(Barton, 1940; Kiesselbach, 1943; Amlong and Naundorf, 1939) 
attempted pre-sowing soaking of seeds in hormone solutions to study 
their effect on growth and maturity. Hopkins (1940), Youden (1940), 
and McRostie etal. (1938) dusted the seeds with hormones with 
the same object. Allard etal. (1946) and others added 2, 4-D to 
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the soil. A correct comparison of the results of the present investi- 
gation can be made with results obtained by others who followed 
the pre-sowing soaking technique. However, a comparison with the 
pre-sowing dusting treatments as also with addition of the hormones 
to soil, can yield useful information. 


Germination.—The inhibiting effect, on germination, of the three 
hormones, particularly 2, 4-D, was small. The maximum inhibition 
was about 22% with 100 ppm. of NAA. Hamner et al. (1946) observed 
an inhibition of 15% with a concentration of 0-01 gm. of 2, 4-D per 
pot of soil. It is difficult to compare the present results with Hamner’s 
data as the latter’s concentration in terms of ppm. in soil solution are 
not available. Barton (1940), Kiesselbach (1943), and Youden (1940) 
observed no effect on germination with pre-sowing treatment of seeds 
with IAA and NAA at different concentrations. However, the present 
data indicate that both IAA and NAA definitely lowered the sprouting 
percentage and even tended to inhibit germination. 


Growth: Height—The depressing effect, on growth of wheat, 
of the three hormones, as observed from the height of the plants, was 
clear only at the seedling stage; later on, the treated plants rapidly 
recovered and were, in general, taller than either the ‘water-soaked’ 
or even the ‘control’. Thus the after-effect of the pre-sowing hormone 
treatment is primarily an inhibition followed by vigorous growth. It 
supports in general the findings of Thimann (1938) who supplied IAA 
at 100 ppm. to germinating seeds of oats for a short period, and observed 
an initial depression in root and shoot elongation followed by vigo- 
rous growth; the final recovery reached a level 50% greater than the 
untreated. A depression in growth was observed by Allard ef al. 
(1946) when 2, 4-D was added to the soil, but there was no recovery. 
Kiesselbach (1943) and Youden (1940) observed no effect on the final 
heights of the plants with IAA and NAA in any of the concentrations 
tried by them. 


Dry matter in shoots.—Although the final heights of the hormone- 
treated plants were generally better than those of the ‘control’ or 
‘water-soaked’, dry matter production was definitely depressed by 
_ higher concentration of 2, 4-D and NAA. However, with the lower 
concentration of these two hormones, the straw was significantly greater 
IAA, at both the concentrations, yielded lower amounts of straw than 
the ‘water-soaked’. Thus regarding straw production, the behaviour 
of 2, 4-D and NAA was similar, in that 10 ppm. was stimulative, while 
100 ppm. was inhibitory; IAA was not beneficial, although the ‘higher 
concentration tended to improve the yield of straw. McRostie et al 
(1938) and Hopkins (1940) observed beneficial effect on straw produc- 
tion by dusting wheat seeds with IAA and NAA, but their results can- 
not be strictly compared with the present data due to the difference 
in seed-treatment. Kiesselbach (1943), with the soaking technique, 


and Youden (1940), by dusting the seed 
matter with IAA an re ode 8 seeds, observed no effect on dry 


_ _Grain-yield (Table II; Fig. 1).—The large and signifi i 
in the yield of grain over the ‘control,’ bntettiny to D2 witon aes 
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and 23% with NAA at their lower concentration (10 ppm.), indicates 
clearly the stimulating after-effect of these two hormones on maturity. 
However, this is not due to earliness nor even apparently to the tillers 
or to the number of leaves, because none of these characters of the 
treated plants significantly differed from the controls; it can only be 
attributed to the increased vigour of the main shoot, as indicated by 
the final heights of these plants. It may be noted that a similar increase 
is also observed in the yield of straw. Such a stimulative effect, but to 
a less extent, of NAA was observed on wheat by McRostie et al. (1938) 
and Amlong and Naundorf (1939). However, Hopkins (1940), Youden 
(1940), and Kiesselbach (1943) observed no effect of NAA on yield 
of grain. It may be noted that Kiesselbach alone followed the pre- 
‘sowing soaking technique, but the duration was only 8 hours. 


The behaviour of IAA in the present investigation was different 
from that of NAA and 2, 4-D, as there was practically no effect of IAA 
on the yield. However, as in the case of dry matter, the higher con- 
centration tended to increase the yield of grain, compared to the lower 
concentration. McRostie etal. (1938) and Amlong and Naundorf 
(1939) obtained an increase in yield even with IAA, while others found 
no response. 


Comparing the three hormones, regarding their effect on yield, 
2, 4-D and NAA Seem to be relatively more ‘active’ than IAA, as the 
higher concentrations of the former hormones actually depressed the 
yield, while the effect was apparently reversed with IAA. It perhaps 
supports the observation of Thimann (Table I, p. 32, 1951) regarding 
the relative activity of IAA (100 units) and 2, 4-D (800 to 1,200 units). 
However, it should be noted that the relative activity of these hormones 
may differ with the physiological activity under consideration, e.g., 
sprouting, germination, growth (elongation, leaf- and tiller-formation) 
and maturity as observed in the present investigation. 


Finally it may be noted that the sowing was delayed by about a 
month in the present investigation. The beneficial effect of the hor- 
mones, perhaps, can be obtained under such conditions of delayed 
sowing. This aspect is under investigation now. 


SUMMARY 


The effect of pre-sowing soaking of wheat seeds for 24 hours in 
0, 10, and 100 ppm. of 2, 4-D, a-NAA, and b-IAA on sprouting during 
soaking, germination in soil, growth and maturity has been studied 
in pot-cultures. 


Sprouting was inhibited by the three hormones, the order being 
IAA > NAA > 2, 4-D. The higher concentration was more effective 
than the lower. Compared to ‘water-soaking’ (0 ppm.), germination 
was reduced by the three hormones, least by 2, 4-D and most by NAA; 
the difference due to concentration was negligible. 


Growth, as indicated by height of the plants, was initially (4-week 
stage) depressed by the three hormones, but the ‘treated’ plants reco- 
vered soon and were taller at maturity than the plants from either the 
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‘water-soaked’ or even from the dry seeds (control). The lower con- 
centration of 2, 4-D and of NAA_ was more stimulative during recovery 
than 100 ppm.; the concentration-effect was almost absent with IAA. 


Relative to the ‘control’, yield of straw was lowered by 3% and 
19°/ (the latter being significant) with 100 ppm. of 2, 4-D and of NAA 
respectively; it was increased by 42% and 54% with 10 ppm. of the 
same hormones. With IAA, the lower dose had no effect while the 
higher tended to increase the straw by 7% (not significant). The influence 
of the three hormones on yield of grain was similar to that on straw. 
The grain-yield improved by 42% and 23% with 10 ppm. of 2, 4-D 
and of NAA over the ‘control’, while it was lowered, though not 
significantly, by 10% and 13% with the higher concentration; IAA at 
100 ppm. gave an increase of 11% over the ‘control’ (not significant). 


The results on growth and maturity indicate that 2, 4-D and NAA 
are relatively more ‘active’ than IAA. 


Our thanks are due to Dr. S. Sinha, Head of the Department of 
Botany, for facilities and encouragement. 
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STUDIES ON SOUTH INDIAN FUSARIA 
IV. The ‘‘Wild Type” in Fusarium udum Butler 
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THE importance of studying the so-called ‘wild type’ in the genus 
Fusarium was stressed by Miller (1945, 1946 a, 1946 b) in his studies 
on Fusaria causing muskmelon wilt. The fact that Miller’s generalised 
observations on Fusaria as a whole could not be confirmed by the 
writer’s studies (Subramanian, 1951) on several plant pathogenic and 
saprophytic Fusaria from Southern India pointed to the need for further 
work. This paper summarises observations on the ‘wild type’ in 
Fusarium udum Butler which causes a vascular wilt disease of red gram 
[Cajanus cajan (Linn.) Millsp.] plants in this country. Since the fungus 
was first described by Butler (1910), it has received comparatively little 
attention from specialists in this genus. Indeed, the only detailed 
account of the variation in this species is that of Padwick (1940) who 
studied the cultural characteristics of 20 isolates from wilted red gram 
plants, but his observations do not include variation in spore size and 
shape, characteristics which appear to be of particular significance in 
taxonomy. Further, since the cultures were not studied immediately 
after isolation, no data on the ‘wild type’ are available. Armstrong 
and Armstrong (1951, p. 719) reported that U.S. isolates of F. udum 
Butler v. crotalarie Padwick from plants of Crotalaria spectabilis Roth. 
and C. intermedia Kotschy ‘‘when first obtained were fluffy mycelial 
ones producing abundant microspores but few macrospores’. They 
further pointed out that ‘during subsequent transfers of the U.S. cul- 
tures, pionnotal forms have arisen’? which produced large hooked 
macrospores, smaller than those of the Indian isolates, especially on 
Crotalaria stems. These observations indicated the need to study the 
‘wild type’ in F. udum, as part of the larger scheme of work, now in 
progress in this laboratory, on the ‘wild type’ in the genus Fusarium. 


MATERIAL AND METHODS 


Typical wilted plants of red gram were collected from one of the 
experimental plots at the Agricultural Research Institute, Coimbatore 
(Madras State), and root and stem bits from the plants plated out on 
potato dextrose agar in Petri dishes, after surface sterilisation in 1 /1000 
aqueous mercuric chloride. Standard mycological technique was 
followed and transfers of Fusarium cultures to oatmeal agar slants were 
made soon after fungal growth appeared in the plates. The cultures 
were studied as previously reported by the author (Subramanian, 1951) 
immediately after isolation and particular emphasis was laid on micro- 
scopic features of the fungus, viz., conidial size, shape, etc. In the 
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preliminary investigation 100 isolates were included from which 10 
representative isolates were chosen for more detailed study. 


RESULTS 
Cultural characters 


The results of preliminary observations on first cultures of the 
Fusaria indicated that they could be broadly grouped as follows :— 


Group 1.—Aerial mycelium none, growth adpressed. Stroma, 
sclerotia and sporodochia none. Pionnotes well- 
developed (40%). 


Group 2.—Aerial mycelium none, growth adpressed. Stroma and 
sporodochia none. Pionnotes well developed. Dis- 
tinct from Group 1 in producing white sclerotia, 
up to 1-5mm. in diameter (10%). 


Group 3.—Slight development of aerial mycelium in the centre 
of slant. Stroma, sporodochia and sclerotia none. 
Pionnotes well developed. Distinct from Group | 
only in the slight development of aerial mycelium 
(10%). 

Group 4.—Aerial mycelium present, but poorly developed. Sporo- 
dochia and pionnotes none. Stroma present but 
weakly developed. Bluish sclerotia present (10%). 


Group 5.—Aerial mycelium present, fluffy in patches. Stroma, 
sclerotia, sporodochia and pionnotes none (10%). 


Group 6.—Aerial mycelium present in patches. Stroma well 
developed. Sclerotia present, white, up to 1 mm. 
in diameter. Sporodochia and pionnotes abundantly 
developed (10%). 


Group 7.—Slight development of aerial mycelium in the centre 
of the slant. Stroma and sclerotia absent. Sporo- 
dochia and pionnotes_ present. Distinct from 
Group 6 in the absence of sclerotia and stroma and 
poorer development of aerial mycelium. (10%). 


Intermediate types did occur, but careful observation would enable 
one to place a given culture in one or the other of the above 7 groups. 


A detailed analysis of the data obtained indicated the wide range 
of variation in cultural characters met with in first isolates of this fungus. 


1. Aerial mycelium.—First cultures varied from complete absence 
to presence and fluffy development of aerial mycelium, through inter- 
gradations wherein the aerial mycelium was developed in patches and 


formed ‘islands’. The majority (80%) of the isolates had little or no 
aerial mycelium. 


2. Sporodochia and pionnotes.—The majority (80%) of the iso- 
lates developed either sporodochia or pionnotes in abundance, more 
commonly the latter. Indeed, the pionnotal type of culture was the 
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most common (80%), the sporodochial type being comparatively rare. 
Where present, there was considerable variation in the extent of deve- 
lopment of pionnotes and its colour. The variety of colours (Maerz 
and Paul, 1930) observed in the case of the pionnotal masses were :— 


“AS 


4 Burnous 11 A 6 Blush 

9D4 Cream 11 B 4 Beige Soiree 
Mirage 

10 B 5 Peach blow+ 11B 5 Grain-+ 

10) C2 11 Cc 4 

10-3 Vanilla 11 D 4 Sombrero 

10 C 4 Sunset 12B 4 Longbeach 

100063. a) Léghorn 13 A 6 Tawny Birch 

11 A 2... Moonlight 14 A 4 Seaside Ormond + 


The majority of the isolates were characterised by pionnotal masses 
of a colour varying from 9 C 4 (Burnous) or 9 D 2 (Cream) to 11 A 6 
(Blush) or 11 B5 (Grain +) or 11 D4 (Longbeach). Such a wide 
range in colour of the pionnotal masses was recorded by Padwick 
(1940) also. Where present, sporodochia were concolorous with 
pionnotal masses. 


3. Sclerotia.—Sclerotia were produced only by a few isolates 
and when present these were white or bluish in colour and up to 1-5 mm. 
in diameter. Infrequent production of sclerotia was reported by 
Padwick (1940) also. 


4. Stroma.—Stromatic development was marked in a few of the 
isolates and the colour of the stroma, where present, was 10 K 9 (Sun- 
burst) or 45 F 1 (Mello-Mauve) to 47 J 1. The latter colours, it may 
be mentioned in passing, are particularly characteristic of members 
of the section Elegans. 


Morphology 


Conidia.—Micro- and macro-conidia were produced prolifically 
in first cultures by every isolate studied. The macro-conidia were 
up to 3-septate (rarely 5-septate) in 90% of the isolates, and up to 2- 
septate in the remaining isolates. The micro-conidia were 1-celled, 
hyaline, elliptical, sometimes curved, 9x 2-5 (4-14 1-4) ». The macro- 
conidia (Figs. 1-10) were typically thin-walled, hyaline, dorsiventral, 
falcate, with a distinct foot cell, and an apical cell with decreasing 
diameter towards the tip which is typically curved or hooked. The 
septa are delicate and mostly equidistant; the apical and basal cells 
may be longer than the intermediate cells. Conidial measurements: 
293-0 (18-64%2-5). The variation in conidial size is reflected 
in the conidial measurements (in microns) of 10 representative isolates 
grown on oatmeal agar: 


Isolate No. 110 


Q-septate 82-5 mostly 7-10x2-5 (4-10x2-4) 
fercaiste 14x2:6 ,,. 11-17x2-5 (9-24x 2-4) 
3-septate 25X2°7 4, 23-29 X2-5-3:3. (21-35 x 2-4) 
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1-10. Conidia of Fusarium udum. Isolates Nos. 110, 111, 111 A, 111 B, 


Fics. 1 
112, 113, 113 A, 115, 26 and 28, respectively. 


Isolate No. 111 


Q-septate 92-5 mostly 6-10x2-5 (6-14 2-4) 
l-septate 13X2°6 ,, 9-15X2-5 (9-20x2-4) 
3-septate 33X2°8 ,, 26-35x2-5-3-3 (19-54 x 2-5) 


Isolate No. 111 A 


O-septate 92:5 mostly 8-10x2-5 (5-14 1-4) 
l-septate 13x2:5__,, 9-15x 2-5 (9-20 x 1-4) 
3-septate 373 » 29-45 2-5-3-3 (23-64x 2-4) 


Isolate No. 111 B 


O-septate 92-5 mostly 8-102-5 (6-12x2-4) 

l-septate 14X2°6 ,,  11-15x2-5 (9-22x2-4) 

3-septate 29X33. ,, «= 24-32 x 3-3 (23-40 x 2-5) 
5-septate 432-9 


Isolate No. 112 


O-septate 92-6 mostly 8-12x2-5 (6-12 2-4) 
\-septate 16x2:7 = ,,_ 13-20 2-4-3-3 (11-24 2-4) 
2-septate 25x 3-3 

3-septate 283-2 ,, 24-32 3-3 (18-35 2-4) 


Isolate No. 113 


Q-septate 82-6 mostly 6-10x2-5 (4-10 x 2-4) 
l-septate X27 11-77 S389 (9-20 x 2-4) 
3-septate 29X2°9 23-34 2-523-3 (21-39 x 2-4) 
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Isolate No. 113 A 
Q-septate 8X2-6 mostly 6-9x2-5 (6-10 2-4) 


iseptate 1S x2°5 < ,, 11-17 X 2-5 (9-19 x 2-4) 
2-septate 18X2°5 ,, = 14-20 2-5 (13-22x 2-4) 
3-septate 21X2-6 ,,  18-24x2-5 (18-30 x 2-4) 


Isolate No. 115 
O-septate 9X2-5 mostly 8-10x2:5 (6-12 2-4) 
l-septate 16x2:6 __,, 13-17 X 2-5 (11-24 2-4) 
3-septate 27X3-2  ,, = 21-34 3-3 (19-39 x 2-4) 
Isolate No. 26 
O-septate 9X2-5 mostly 6-12x2-5 (4-15 1-3) 


l-septate 14X2-5 ~ ,, = 11-17 X2-5 (9-20x 1-4) 
2-septate 23X2°6 ,, 19-25x2-5 (16-30x2-4) 
3-septate 26X2:7 = ,, = 23-29 2-4-3-3 (21-35 x 2-4) 


Isolate No. 28 


O-septate 82-5 mostly 7-9x2-5 (6-10x2°:5) 
l-septate 14x2-:5 ,, 1I1-17X2:5 (9-22x2-4) 
2-septate 182-6 ,, 16-20x2-5 (14-22 2-4) 
3-septate 21X2-6 ,, 19-25x2-5 (16-29 x 2-4) 


Certain isolates produced an abundance (up to 67%) of I-celled 
micro-conidia and fewer (10%) macro-conidia; others, on the con- 
trary, produced an abundance of 3-septate macroconidia (up to 71%) 
and fewer 1-celled conidia (9%). Between these 2 types, there were 
several intermediate forms and often conidia of different septations 
(O-, 1- and 3-septate) were equally distributed in the pionnotal masses. 


Chlamydospores.—Only a few isolates produced chlamydospores 
in first cultures. Where present, the chlamydospores were mostly 
terminal on vegetative hyphe and were 6-14, in diameter. 


Taxonomy 


On the basis of the conidial characters, all the isolates are identified 
as Fusarium udum Butler. 


DISCUSSION 


The. results presented here have confirmed the  author’s 
(Subramanian, 1951) earlier observations on the ‘wild type’ in the 
genus Fusarium in his study of first cultures of several Fusaria isolated 
from crop plants and soil, and belonging to sections Elegans, Martiella, 
Gibbosum and Arthrosporiella. Armstrong and Armstrong’s (1951, 
p. 719) observation that U.S. isolates of F. udum Butler v. crotalarie 
Padwick from Crotalaria ‘‘when first obtained were fluffy mycelial 
ones producing abundant microspores but few macrospores’’ could 
not be confirmed in this study of F. udum isolates from red gram. On 
the other hand, the mycelial type producing few macro-conidia was 
uncommon, as shown by a critical study of first cultures on oatmeal 
agar, immediately after isolation. First cultures of the majority of 
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the isolates obtained from naturally wilted plants grown in infected 
soils under field conditions, were mostly of the typically pionnotal 
type with sparse aerial mycelium. Indeed, prolific production of dis- 
crete sporodochia on diseased stems of red gram plants naturally 
invaded by the pathogen has been noticed most commonly and sporo- 
dochia therefore are a diagnostic feature in this species. Non-occur- 
rence of sporodochia in first cultures would indicate a variation from 
the normal rather than what is normal. Nevertheless, it has to be 
admitted that all first cultures would not rigidly conform to this de- 
scription and the swnmum bonum of the results reported here is the fact 
that the species Fusarium udum would appear in a variety of cultural 
types in first cultures, when isolated directly from its host of choice 
and studied immediately; there is, therefore, no need to indicate a ° 
definite ‘wild type’ for this species. The fact that only isolates from 
the host have been studied, but not saprophytic isolates from soil, 
would not greatly detract from the importance of the results just pre- 
sented since it is now known that F. udum is best classified as a root 
inhabitant and its saprophytic survival in soils is restricted to tissues 
originally invaded as a pathogen (Agnihotrudu, 1954). Direct colo- 
nisation of plant debris by this fungus in soils does not take place as 
is the case with F. vasinfectum (Subramanian, 1946) and other Fusaria 
(Sadasivan, 1939; Subramanian, 1952). 


The observations recorded here on the variability of this species 
in first cultures indicates that cultural characters are of doubtful diagno- 
stic value in this species. There has been difficulty in fitting this species 
into the sectional grouping of Wollenweber and Reinking (1935), and 
Padwick (1940) indicated that it combined characteristics of the sections 
Elegans and Lateritium. It would appear that it could equally well 
be placed either in section Elegans or in Lateritium, although few of 
the species in section Lateritium cause typical vascular wilts of the type 
produced by F.udum and by Fusaria belonging to section Elegans. 
Immaterial of the grouping in this or that section, however, it must be 
mentioned that the view that the red gram fungus is synonymous with 
F. vasinfectum Atk., or with F. oxysporum Schlecht. emend Snyder 
and Hansen (Snyder and Hansen, 1940) is erroneous and the data 
presented in this paper on the morphology of the fungus in first cul- 
tures and also the earlier observations of Padwick (1940) support this 
view. Indeed, the available evidence suggests that it is a species dis- 
tinct from all other species placed in section Elegans and is not con- 
specific with F. oxysporum Schlecht. emend Snyder and Hansen. 


_ The most important conclusion that has emerged from this 
investigation however, relates to the negligible variation observed 
in conidial morphology in first cultures of the fungus. This fact has 
been overlooked by earlier workers on the ‘wild type’ problem (Miller, 
1945, 1946, 19466; Subramanian, 1951). These workers confined 
themselves mainly to a study of cultural characters of Fusaria and 
microscopic features were not given sufficient attention. Considering 
the problem against the background of the author’s earlier work. it is 
logical to conclude that a distinct species of Fusarium may exhibit 
considerable variation in cultural characters in first cultures, but only 
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negligible variation in morphologic characters, especially conidial morpho- 
logy. The latter characters would, therefore, be of value in taxonomy ; 
the former are of little value for this purpose. Variation in cultural 
characters observed in first cultures nevertheless is important from 
the point of view of the biology of the fungus as it occurs in nature, 
since with it is closely linked up the question of physiologic races of 
pathogens morphologically indistinguishable from each other. 


In conclusion, it may be stated that all the evidence available 
indicates that no fixed or rigid ‘wild type’ concept can be formulated 
for F. udum Butler and this conclusion is probably of general applica- 
tion to many other species of this genus. 


SUMMARY 


The results of a detailed study of the ‘wild type’ in Fusarium udum 
Butler (the fungus causing vascular wilt in Cajanus cajan) are presented. 
In first cultures the fungus exhibited considerable variation in cultural 
characters, although the majority of the isolates were characterised 
by poor development of aerial mycelium and prolific production of 
micro- and macro-conidia in pionnotes or in sporodochia. Morpho- 
logic characters of conidia produced by the isolates were much less 
variable and these are therefore considered to be of diagnostic value 
for the species. On the basis of the data presented, it is concluded 
that no fixed or rigid ‘wild type’ concept can be formulated for F. udum 
—a fact which is presumably of general application to other species 
of the genus. 
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Piricularia oryze Br. et Cav., the causal organism of the blast disease 
of rice, has been found to require thiamine and biotin as growth factors 
in chemically defined media (Leaver, Leal and Brewer, 1947; Otani, 
1952; Tanaka and Katsuki, 1953). However, the main heterotrophy 
has been shown to vary between different isolates of the same fungus. 
Thus, some isolates were chiefly thiamine-deficient (Leaver ef al., 1947), 
whereas others were heterotrophic for biotin (Otani, 1952; Tanaka 
and Katsuki, 1953). Earlier work in this laboratory with an isolate 
of P. oryze revealed mainly thiamine deficiency (Sadasivan and 
Subramanian, 1954). 


However, comparatively little work has been done on the heavy 
metal nutrition of vitamin-deficient fungi, and particularly no work 
has been reported on the essentiality of heavy metals to P. oryzae. 
Study of some heavy metal requirements of the fungus therefore was 
taken up together with a study of the response of the same to thiamine 
and the results are presented in this paper. 


MATERIAL AND METHODS 


Strain used.—An isolate of P. oryze kindly supplied by the Govern- 
ment Mycologist, Agricultural College and Research Institute, Coimba- 
tore. 

Glassware.—Only high quality glassware (Pyrex or Hysil) was 
employed throughout. Culture flasks (500ml. conical Erlenmeyer 
type) were covered with beakers and plugged as described before 
(Saraswathi-Devi, 1954). 

Cleaning.—All glassware were carefully cleaned and dried before 
use. After thorough washing with soap and water they were exposed 
to the action of strong chromic acid cleaning solution for a sufficiently 
long tim2, profusely washed—first in metal-distilled, then in once- and 
twice-glass-distilled water—and finally rinsed in treble-glass-distilled 
water. In studies with copper, however, they were further cleaned 
as described by Hewitt and Hallas (1951). The cleaned glassware 
were inverted to drain and dry in a dustless place. 

Distilled water—Only water distilled and redistilled in Pyrex all- 
glass stills was used to prepare media as well as micro-nutrient and 
vitamin solutions. 

Chemicals.—Either B.D.H. AnalaR or Merck’s Guaranteed Reagent 


grade. 
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Basal medium.—A Sucrose-nitrate medium of the following formula 
was employed :— 


KNO, .. —10  g. >)Prepared with twice-distilled 
KH,PO, ee water for Al,O, purification 
MgSO,-7H,O gy ee eS B. and with thrice-distilled 
Sucrose 50g water for H,S purification. 
Distilled Water .. — I/ 


Purification of basal medium.—The Al,0, method, devised by 
Donald, Passey and Swaby (1952), adopted and found satisfactory 
in this laboratory for heavy metal essentiality studies (Saraswathi-Devi, 
1954), was employed for Fe and Zn deficiency studies. For studies 
with Cu, however, the H,S co-precipitation method, normally used 
in molybdenum deficiency studies (Hewitt and Hallas, 1951; Saraswathi- 
Devi, 1954), which was found to be more satisfactory than the Al,O, 
‘method (Saraswathi-Devi, unpublished) was used. Double purification 
was carried out in either case. Acid-washed No. 42 Whatman filter- 
papers were used for filtrations. 


Bio-assay.—The biological test, using the standard ‘M”’ strain of 
Aspergillus niger van Tiegh. (Saraswathi-Devi, 1954), was done and 
the purified media were found to be sufficiently free of the heavy metals 
under study, viz., Fe, Zn and Cu. 


The purified and tested media were adjusted to pH 6-0 (optimum 
for P. oryze), 25 ml. aliquots apportioned in the culture flaks, micro- 
nutrient and vitamin solutions added to individual flasks as needed 
for the different series ((Complete’, ‘— Thiamine’, *‘— Heavy metals’, 
‘— Fe’, ‘— Zn’ and *— Cu’), plugged, covered and sterilized at 15 Ib. 
pressure for 15 minutes. 


Micro-nutrients and vitamins added per flask 


FeCl,-6H,O .. i -. —75 pg. 
ZnSO,-7H,O .. ¥ .. —30 pg. 
~CuSO,-5H,O “¢ -. —I15 pg. ( Dissolved in 
MnSO,-4H,O ee .. — 7:5 pg. > thrice-distil- 
(NH,4),MO,0,,-4H,O .. -- —10 xg. led water 
Thiamine hydrochloride a ta Pee 8 
Biotin ae sa -. — OOl ps: 
Four micro-nutrient stock solutions were prepared: 
(i) ‘+ all’ .. containing all the five heavy metals 
(li) ‘“— Fe’ .. Fe alone omitted 
(iii) “— Zn’ .. Zn alone omitted 
(iv) ‘— Cu’ Cu alone omitted 


0-5 ml. of these stocks were added per flask to give the respective series. 
The heavy-metal-omitted series received 0-5ml. of thrice-distilled 
water. The vitamin solutions (1 ml.) were added separately to each 


am 4 all except the ‘ — Thiamine’ series where thiamine alone was 
omitted. 


Inoculum.—The sterilized flasks were seeded, each with 5 drops of 
a suspension of spores and aerial mycelium, gathered with a sterile 
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platinum wire from a 10-day-old potato-dextrose-agar slant growth, 
in sterile thrice-distilled water, using a sterile 1 ml. Pyrex pipette. 


Cultures were run in duplicates. The inoculated flasks were 
incubated at room temperature (28-31°C.) for 18 days after which 
the growths were harvested, washed, filtered, dried at 70° C. for 48 hours 
and weighed. 

RESULTS 


Table I gives the amount of growth of P. oryze in H,S-purified 
medium (amended with heavy metals and biotin) with and without 
thiamine. 


TABLE | 
Showing dry weight yields of P. oryze in complete and thiamine-deficient 
media 
Series Dry wt. in mg. | Gage growth 
‘Complete ’ “a 263-0 100 
‘— Thiamine ’ Es 0-4 0 (0-15) 


The data confirm the thiamine heterotrophy of the isolate. 


Table II gives the amount of growth produced by P. oryze in com- 
plete and heavy metal-deficient media. 


TABLE II 


Showing dry weight yields of P. oryze in complete and heavy metal- 
deficient media 


Series Dry wt. in mg.| %age growth 
“ Complete ’ . 272-0 | 100 
‘ —Heavy metals’ ue 28-0 | 10 
‘—Fe’ Sea 23°5 9 
a Ln. es 28°5 10 
‘ Complete ’ of 263-0 100 
me —Cu’ as 176-5 67 


The results show the essentiality of the heavy metals also for the normal 
‘growth of the fungus. 


DISCUSSION 


_ Preliminary screening tests in this laboratory conducted by 
‘Suryanarayanan, using combinations of various vitamins, led to the 
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conclusion that the isolate of Piricularia oryz@ studied was mainly 
heterotrophic to thiamine on a sucrose-nitrate medium, biotin exerting 
a complementary effect (Sadasivan and Subramanian, loc. cit.). Using 
different isolates of the same fungus, either thiamine (Leaver et al., loc. 
cit.) or biotin (Otani, loc. cit. ; Tanaka and Katsuki, loc. cit.) deficiency 
has been reported. Such differences in the vitamin requirements 
between different isolates of the same species are not uncommon. 
Robbins and Ma (1942) reported that while a strain of Ceratostomella 
ulmi was chiefly deficient for biotin and partially for pyridoxine and 
thiamine, another was completely deficient for all the three vitamins. 


The heavy metal nutrition of Piricularia oryze (a vitamin-deficient 
fungus) under exacting conditions does not seem to have received much 
attention. Stimulatory effect, however, of Cu and Fe when added 
to natural and unpurified synthetic media has been reported (Abe, 
1930, 1933; Tochinai and Nakano, 1940). 


The present study, carried out under as highly controlled condi- 
tions as facilities permit, has revealed the indispensability of both heavy 
metals (Fe and Zn, and to a certain extent Cu) and growth factors (thia- 
mine) to P. oryze. That the isolate needs an external supply of thia- 
mine is indisputable, as established earlier by Suryanarayanan and 
confirmed in the present study (see Table I). The medium supplied 
with a full complement of heavy metals and biotin but short of thia- 
mine, supported practically no growth (0-4 mg.) of the fungus, whereas 
the addition of thiamine to heavy metals and biotin raised the dry 
weight of the mat produced to 263mg. Conversely, the omission of 
some heavy metals from the complete medium also decreased the 
growth of the organism, markedly so in the Fe- and Zn-deficient cul- 
tures where it was only about 10% of that in the complete medium. 
The 10% growth may be ascribed to the very minute amounts of the 
heavy metals still left over in the purified basal medium owing to the 
difficulty of obtaining an absolutely heavy metal-free medium in 
practice. This reduced growth is characteristic of Fe and Zn deficien- 
. cies and proves the essentiality of these two elements for the growth 

of P. oryzeé and indicates further the inability of the fungus to utilize 
the supplied vitamins in the absence of the two trace elements. It 
appears very likely, from the evidence obtained in the present case, 
that the utilisation of vitamins (thiamine and biotin at least) is one 
of the various vital processes greatly influenced by Fe and Zn, so that 
optimum growth of the fungus can be obtained only if both the growth 
factors and the essential heavy metals are supplied in combination, 


Copper deficiency does not characteristically decrease the amount 
of growth to the same extent as Fe or Zn deficiency, although there 
will be considerable reduction, as exemplified by the standard test 
organism (Aspergillus niger, M strain). In this laboratory it has not 
yet been possible to remove traces of Cu to such a degree (as judged 
from the dry weight yields of the test fungus) as reported by Nicholas 
and Fielding (1951). A sufficient degree of purity of the basal medium, 
however, was obtained to enable essentiality studies with the element. 
Growth of the test fungus was limited to the formation of a thin pellicle 
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of white, sterile mycelium alone, which, in the present test, was even 
thinner than that obtained in the previous trials with the Al,O, method 
of purification (Saraswathi-Devi, 1954). In such a medium Piricularia 
oryze made a 67% growth when Cu was omitted, as compared to that 
in the complete medium. It is, therefore, likely that P. oryze@ needs 
only comparatively smaller traces of this heavy metal for its normal 
growth than Aspergillus niger ‘M’ strain. In any case, since Piri- 
cularia oryze showed a 33% decrease in growth, the possibility that the 
fungus needs Cu also for its normal metabolism cannot be ruled out. 


Copper is known to have a specific effect on the amount and colour 
of spores. With the standard test organism, from a complete absence 
of spores in the Cu-omitted medium sporulation increases with increas- 
ing Cu concentrations, through a sparse (white or yellow) to a greater 
(yellowish brown and brown) spore output, until a complete, black spore 
cover is produced (Mulder, 1948; Nicholas and Fielding, 1951). 
Indeed, the nature of the sporulation seems to be a better criterion 
than the amount of mycelium produced, in determining low levels of 
copper (Mulder, 1948; Dole, 1952). This specific influence of Cu on 
sporulation, however, could not be studied with this isolate of Piricu- 
laria oryze since it failed to produce any spores in the liquid medium 
provided. 


The exact requirements of the heavy metals and vitamins used, 
each as influenced by the presence of the other group of essential 
factors, are under investigation. 


SUMMARY 


An isolate of Piricularia oryze Br. et Cav., found to be mainly 
thiamine-heterotrophic on a sucrose-nitrate medium, was studied further 
with regard to its heavy metal nutrition in purified liquid cultures. 
In the present state of experimental evidence presented here it is con- 
cluded that thiamine, and iron and zinc, and possibly copper, are in- 
dispensable but, nevertheless, interdependent in their action in so far 
as it relates to this strain of P. oryza@. 
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INTRODUCTION 


CONSIDERABLE work done in recent years on the production and réle 
of antibiotics in soils (Siminoff and Gottlieb, 1951 and Jefferys, 1952) 
and also their effects on higher plants has necessitated the development 
of suitable bioassay methods for their quantitative deduction (Brian 
etal., 1951; Wright, 1951, 1952; Grossbard, 1952; and Pramer, 
1953). These methods of evaluation are all the more necessary in 
in vitro toxicological studies of the vascular wilt Fusaria especially 
when the toxin is known to exhibit antibiosis (Gaumann et al., 1952 b). 

Fusaric acid isolated from culture filtrates of Fusarium lycopersici 
Sacc., and Fusarium vasinfectum Atk. (Gaumann et al., 1952 a), and also 
Gibberella fujikuroi Saw. (Yasue, 1949 and Gaumann et al., 1952 a), in 
addition to its phytotoxic property, possesses antibacterial activity. The 
present technique has been developed in this laboratory for quantitative 
estimation of fusaric acid based on the standard agar-cup method 
(Florey etal., 1949) a modification of the cylinder plate method 
(Abraham ef al., 1941 and Brownlee etal., 1947). 


MATERIALS AND METHODS 


Organism used.—An isolate of a bacterium from the Madras 
University Botany Field Research Laboratory garden soil has been 
used as the test organism. 

Toxin] Antibiotic used—Sample of fusaric acid isolated from 
culture filtrate of Fusarium lycopersici Sacc., kindly supplied by 
Prof. Dr. E. Gaumann of the Institut fiir spezielle Botanik der Eidgenés- 
sischen Technischen, Hochschule, Ziirich, was used. The culture filtrate 
of F. vasinfectum (culture supplied by Centraalbureau voor Schimmel- 
cultures, Holland) was also used. 

Media used.—Richard’s solution of the following composition 
(KNO,—10-0 g., KH,PO,—S5:0 g., MgSO, 7H,O—2°5 g., FeCl;—traces, 
Sucrose—50°0 g. and Distilled water—1,000 ml.) was used to grow the 
pathogen F. vasinfectum for antibiotic production. 

Czapek’s agar medium amended with yeast extract of the following 
composition: (NaNO,;—2°-0 g., K,HPO,—1-0 g., MgSO, 7H,O—0'5 g., 
KCl—0-5 g., FeSO,—0-01 g., Dextrose—30°0 g., Yeast extract—2-0 g., 
Agar—17-5 g. and Distilled water—1,000 ml., pH adjusted to 7) was 
used to seed the test organism from 18 hour-old broth cultures (Beef 
extract—3-0 g., Peptone—5-0g. and Distilled water—1,000 ml., pH 7) 
maintained at 37°C. Permanent cultures of the bacterium were, how- 
ever, maintained in the above modified Czapek’s agar medium. 
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Isolation of the Test Organism.—More than one hundred isolates of 
bacteria were isolated by the soil dilution technique (Agnihothrudu, 
1954) from the laboratory garden soil. All the isolates were subjected 
to routine examination with 21-day-old culture filtrate of F. vasinfectum 
following the standard agar-cup technique. The culture filtrate of 
F. vasinfectum produced marked inhibition of growth in 19 of the iso- 
lates tried. Isolate No. 5 which was most sensitive and formed clear 
and crisp inhibition zones was used as the test organism. 


Assay of Fusarial Toxin.—The assay of antibiotic activity was 
carried out by a modification of the cylinder plate method (Abraham 
et al., 1941 and Brownlee et al., 1947). The test organism was seeded 
from 18-hour broth cultures into the Petri plates (10cm. diameter) 
and the quantity of medium employed was so adjusted that it gave a 
constant depth of 5-0 mm. in the Petri plates. After about 30 minutes 
at room temperature requisite number of cavities were bored with a 
sterile cork borer (10 mm. diameter), clear, sharp and free from burred 
edges. The agar disks were then removed with sterilised spear-shaped 
needles. The cavities were filtered with the samples of the antibiotic 
solutions to be assayed. Care was taken to see that always the same 
volume of assay solution was added. The plates were incubated at 37° C. 
Observations of the inhibition zones were made exactly after 18 hours. 
Readings of the diameter of zone inhibition were measured with the 
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help of a scale and lens. Assay of different concentrations of the pure 
toxin/antibiotic (fusaric acid) at pH 7 as well as the culture filtrate 
of F. vasinfectum were repeated four times each with six replications 


for individual concentrations. The average value was taken to draw 


the ‘log dose—diameter zone inhibition’ curve. 
RESULTS 


_ The logarithm of concentration of pure toxin/antibiotic and the 
diameter of zone inhibition bear a linear relationship (Text-Fig. Ly 
Using this standard graph it is possible to estimate quantitatively the 
amount of fusarial toxin in terms of fusaric acid equivalent in any 
given solution known to contain unknown concentrations of fusaric 
acid in the range 5ug.—200ug./ml. The culture filtrate of F. vasin- 
fectum (28-day old) gave an inhibition zone of 24:5 mm. equivalent to 
47-30 mg./litre fusaric acid. 


DISCUSSION 


Although pathogenic strains of bacteria like Staphylococcus aureus 
and Vibrio cholere are more sensitive to fusaric acid, these are not 
conducive for assaying higher concentrations (Tirunarayanan, 1954) 
and moreover, according to the theory of plate assays (Humphrey 
and Lightbown, 1952) there will be significant departure from the linear 
relationship if a wide range of concentrations of the antibiotic is used. 
The present strain used by the author is suitable for assaying the range 
of concentrations between 5yg.—200 g./ml. within which the fusarial 
toxin is likely to be present when this technique is to be applied in 
practice for evaluating the same in varying media, both synthetic and 
natural. 


It is safer to express the antibiotic potency obtained by this method 
of crude culture filtrates known to contain this antibiotic in terms of 
fusaric acid equivalent rather than as absolute quantity of fusaric 
acid to avoid errors in quantitative evaluation, when other chemicals 
may play a part in interfering with the antibiotic potency of crude 
filtrates. 


Using this technique it was possible to show that 28-day old cul- 
ture filtrate of F. vasinfectum produced antibiotic potency equivalent 
to 47:3 mg./litre of fusaric acid. 


Though the author is fully aware of the limitations of this assay 
method, as in any other biological assay methods, it is needless to 
mention that this technique will be of great help in all in vitro experi- 
ments with culture filtrates of Fusarium vasinfectum, where till now the 
term concentration of toxin referred to arbitrary ranges. Further 
modifications of this method to find out the production and role of 
this toxin/antibiotic in F. vasinfectum infected soils.and plants as well 
as in varying synthetic media are in progress. 


SUMMARY 


Using a strain of bacterium isolated from the laboratory garden 
soil a technique for the quantitative bioassay of fusaric acid, one of 
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the toxins of F. vasinfectum, has been developed following the standard 
agar-cup method. The logarithm of concentration of the toxin/anti- 
biotic and the diameter of zone inhibition bear a linear relationship. 
The possibility of extending this technique in toxicological studies of 
this wilt pathogen is discussed. 
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CHONEMORPHA MOLLISSIMA: BGERL. 


By R. SESHAGIRI RAO 
Botanical Survey of India, The Herbarium, Indian Botanic Garden, Calcutta 


THE author (Seshagiri Rao, 1953) stated that the character of the 
corolla tube, not protruding outside the calyx, is rather unusual in 
this genus and hence doubted whether this species belonged to the 
genus Chonemorpha at all. Even then, this species has been suspected 
to be similar to C. penangensis Ridley; but the author had reserved 
his further comments and decision to a later date as he had not seen 
the type of C. mollissima Berl. at that time. Brink (1950) gave a 
detailed Latin description of the species after examining the type 
specimens (3 sheets) deposited in Rijksherbarium, Leiden (Netherlands) 
and remarked as follows: 


“This species is closely allied to C. penangensis Ridley, differing 
slightly in minor characters. As I have too scanty material of both 
species at my disposal, I will postpone a decision, but if in future these 
two species appear to be identical, the oldest name C. mollissima Beerl. 
will have to be used. I am grateful to Dr. D. Chatterjee of Kew, for 
his suggestion. C.mollissima Beoerl. has not been taken up in the 
emergency edition of the flora of Java, as it is not certain that this 
species occurs in this island.” 


Subsequently the type specimens (3 sheets)—(Photos 1 and 2) 
(Pls. I & If) had been obtained from Rijksherbarium, Leiden, and 
studied by the author who has good material of C. penangensis Ridley 
at his disposal (Calcutta Herbarium). It has been found out that 
C. mollissima Beerl. though closely allied to. C. penangensis Ridley by a 
few characters, is a distinct species by the following characteristic 


features : 
1. Tender stem, leaf, peduncle, pedicel and calyx are more densely 
tomentose. 


2. Corolla, the most important character of the species, is much 

j smaller with a very short narrow tube equal to the size of 

calyx tube and which does not protrude outside the calyx 

even when the flower opens (Figs. 1-4). (C. penangensis: 

Corolla tube 24-3 cm., C. mollissima: Corolla tube 1-14 cm.). 

The characters by which C. mollissima Beer]. is related to C. penan- 
gensis Ridley are as follows: 


1. Leaf size and shape. 


2. The shape of the calyx and the size and formation of teeth- 
like lobes, 


A detailed description of the species from the type specimens is 
given below: 
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Chonemorpha mollissima Boetl. Handl. Fl. Ned. Ind. 2: 389; 1899. 


Bakhuizen Van den Brink, Blumea 6 (2): 388, 1950; Seshagiri Rao, 
J. Indian bot. Soc., 32: 43, 1953. 


Ocm. 


Ocm. 


3 2 


Fics. 1-4. Chonemorpha mollissima Boerl. 


Fic. 1. Open flower with the corolla tube enclosed in the calyx tube. 

Fic. 2. Open flower with the calyx tube split open to show the corolla tu be. 
Fic, 3. Flower bud showing the corolla tube slightly projected above the calyx. 
Fic. 4. An open flower and a bud. 


(All are drawn from the dried flowers of the type specimens.) 


Stem: tomentose, pale rusty coloured when young, glabrous and 
brown with many lenticels when old. Leaves: petiolate, lamina ovate- 
oblong, 12-18 cm. long, 8-12 cm. broad, apex rotund with a ve y small 
conical tip projecting out, rarely acute, base round with a slight cordate 
tendency, upper surface almost glabrous or slightly hairy, sparsely 
pilose along the nerves, lower surface tomentose and somewhat velvety 
to touch, primary veins 8-12 pairs, veins and veinlets more prominent 
on the lower surface, petioles tomentose, 1-2cm. long. Inflorescence: 
terminal, cymose with many flowers closely developed, peduncles tomen- 
tose, 5-8 cm. long, bracts always tomentose, ovate-lanceolate, 5-10 mm. 
long. Flowers: on tomentose, 1-1-3 cm. long pedicels. Calyx: gamo- 
sepalous, somewhat pyriform, 1-1:5cm. long, 5-7 mm. broad in the 
middie, narrow at the base and constricted at the apex just below the 
5 small, triangular, 2 mm. long, teeth-like lobes, tomentose outside and 
glabrous inside except at the tips of calyx teeth where it is pilose. 
Corolla: gamopetalous, hypocrateriform, tube nearly cylindrical, 
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abruptly tapering downwards near the base, almost equal to the size 
of calyx tube, never exceeds the calyx tube even when opened, glabrous 
outside and densely hairy within the tube, lobes twisted to left, oblong, 
apex obliquely rotund, finely multinerved, 1-5 cm. long, 5-7 mm. broad 
at the apex. Andrecium: 5, epipetalous, finely hairy, anthers sagittate, 
Smm. long. Fruit: unknown. 


Distribution —Though the three specimens are supposed to be 
collected from Java by Reinwardt which form the type material and 
supposed to be the only collections so far made of this species, the 
exact locality is still unknown. However, it may be presumed that 
the specimens were collected from the Malayan Archipelago. 


Material examined.—(?) Java, locality unknown (Reinwardt s.n.) 
Type! (3 sheets). 
SUMMARY 


Chonemorpha mollissima Berl. which is closely allied to C. penan- 
gensis Ridley, is considered to be a distinct species. A detailed de- 
scription of the species is given. 
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A NEW SPECIES OF HOYA FROM 
MANIPUR 


By D. B. Des 
Department of Botany, D. M. College, Imphal, Manipur, Assam 


(Received for publication on October 25, 1954) 


WHILE exploring the flora of Manipur, the author collected a specimen 
of Hoya, very different from all recorded species. On subsequent 
and thorough examination at the Herbarium, Indian Botanic Garden, 
Calcutta, the author was convinced that the specimen has specific 
characteristics of its own, different from any, hitherto described. It 
is described as a new species below. 


Hoya manipurensis Deb. sp. noy. 


Proxime accedit Hoy@ acuminate Benth., sect. Pterostelma, a qua 
tamen differt praecipue foliis obovatis truncatisque, floribus multo 
minoribus, pubescentia utriusque pagine petalorum. 


Planta parva, epiphytica; caulis luteolus, ca. 30-35 cm. longus, 
lignosus, teres, ramosus ex basi, nodis tenuiter tumescentibus; partes 
iuniores pubescentes. Folia simplicia, opposita, decussata, crassa, 
coriacea, puberula exstipulata, petiolata, obovata, truncata, pallide 
grisea colore, nervis obscuris 3-5 primo parallelis, demum ad apicem 
divergentibus; apice aliquantum depresso et mucronato; basi acuta, 
attenuata; marginibus integris; petiolis pubescentibus, 2-4 mm. longis; 
lamina 3-4-5cm. longa, 2-2:5cm. lata. Jnflorescentia axillaris et 
terminalis, umbellate, cymosa, pauciflora, pedunculata; pedunculis 
brevibus, usque 2 mm. longis, validis, tuberculatis ad florum insertionem. 
Flores parvi, regulares, hermaphroditi, hypogyni, gamopetali, pedicel- 
lati, pediculis tenuibus, 3-4 mm. longis, ebracteatis; pedunculis atque 
pediculis pubecentibus. Calyx 5-partitus, ornatus 5 squamis glandu- 
laribus, imbricatus, pallide viridis, ovatus, 2mm. longus, 0-75 mm. 
latus, acutus, dense pubescens extus, nervis obscuris. Corolla gamo- 
petala, 6°5-7 mm. longa, tubularis, angularis prope basim; laciniz 
5, sepalis opposite, carnose, convexe, valvate in alabastro, acute 
nervis obscuris, dense pubsescentes in utraque pagina, multo magis 
in interiore pagina, pilisque longioribus, obscure albe colore. Corona 
constans 5 processibus carnosis corneisque adnatis columne staminali 
stellate adscendentibus, concavis in superiore pagina, marginibus recur- 
vatis vacuumque spatium includentibus, angulo interiore producto 
in calear quod anthere incubit. Columna staminalis brevis: anthere 
conniventes supra styli apicem in apendicem membranaceam: pollinia 
erecta, cerea, solitaria in singulis linearia, sub 1 mm. longa pedicellata 
Carpella 2, stylus unicus, apice 5-angulato, extremo vero apice tenuiter 
apiculato; ovaria 2, sessilia, glabra, 8 mm. longa, oblongo-conica 
placenta marginali. Fructus non visus. : 


cul 
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__Typus lectus in loco Manipur, Litan, altit. 3,000 ped., die 1 sep- 
tembris 1953, epiphyticus Fici glomerate Roxb., a D. B. Deb (No. 1081), 
et positus in Herbario Hortus Botanici Indici, Culcutta. 


iW 


2 


Fic. 1 Fic. 2 


TExT-Fic. 1. Hoya manipurensis Deb sp. nov. (x 4). 
Text-Fic. 2. A flower and the dissected parts. a, Flower x4. 6, A sepal 
x4. c, Inner surface of the corolla, x4. d, Staminal column showing corona and 
anthers xca 7. e, Pistil, xca 7. 


Hoya manipurensis Deb sp. nov. (sec. Pterostelma) 


Relationship.—This comes very near to Hoya acuminata Benth. 
(section Pterostelma) from which it can be readily distinguished by 
(1) obovate truncate leaves, (2) much smaller flowers, and (3) pube- 
scence of. petals on both the surfaces. 


Small epiphytes; stem yellowish, about 30-35 cm. long, woody, 
terete, producing several branches from the base, nodes slightly swollen ; 
younger parts pubescent. Leaves simple, opposite, decussate, thick, 
coriaceous, puberulous, exstipulate, petiolate, obovate, truncate, pale 
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grey in colour; veins obscure 3-S, at first parallel then diverging, apex 
slightly depressed and mucronate ; base acute attenuated ; margin entire ; 
petioles pubescent, 2-4 mm. long; lamina 3-4-5 cm. long, 2-2°5 cm. 
broad at the broadest region. Inflorescence axillary and terminal, 
umbellate cymes of a few flowers, pedunculate, peduncle short, up to 
2mm.; stout, tubercled where the flowers have fallen. Flowers 
small, regular, hermaphrodite; hypogynous, gamopetalous pedicellate ; 
pedicels slender, 3-4 mm. long, ebracteate, peduncle and pedicels pube- 
scent. Calyx 5-partite with 5 glandular scales, imbricate, light green, 
ovate, 2mm. long, and 0:75 mm. broad, acute densely pubescent on 
the outer surface; veins obscure. Corolla gamopetalous, 6-5-7 mm. 
long, tubular, angular near the base; segments 5, opposite to the sepals, 
fleshy, convex, valvate in bud, acute, veins obscure, densely pubescent 
on both surfaces, more so within with longer hairs, dull white in colour. 
Corona of 5 fleshy horny processes adnate to the staminal column, 
stellately ascending, concave on the upper surface, margin recurved 
so as to enclose a hollow space, the inner angle produced into a spur 
which is incumbent on the anther. Staminal column short; anthers 
conniving over the style-tip with a membranous appendage; pollinia 
erect, waxy, solitary in each linear less than | mm. long cell, pedicelled. 
Carpels 2, style one, apex 5 angled, tip slightly apiculate. Ovary 2, 
sessile, glabrous, 8mm. long, oblong-conical; placentation marginal. 
Fruit not seen. 


Manipur, Litan, alt. 3000 ft., 1-9-1953; epiphytic on Ficus 
glomerata Roxb., D. B. Deb (No. 1081). 


After preparation of this manuscript the author found out a 
herbarium sheet from Assam sent to the Indian Botanical Garden for 
identification. The specimen was examined and proved to be the 
same as the new species here described. Flora of Assam Umsaw, 
16-12-1949, No. Misc./8. 


Thus it appears that the range of distribution of this new species 
extends to Khasia Hills, Assam. 


The type sheet has been presented to the Herbarium, Indian 
Botanical Garden, Calcutta, where the identification of the specimen 
was carried out. 


_ The author expresses his thanks to the Rey. Dr. H. Santapau, 
Chief Botanist, Botanical Survey of India, Calcutta, for kindly prepar- 
ing the Latin translation of the description of the species. 


PHOTOPERIODISM IN RICE 


V. Response of Two Early-Winter Varieties to Short-Day 
Photoperiods given after Transplantation 


By GADADHAR MISRA 
Department of Botany, Ravenshaw College, Cuttack 


Received for publication on July 6, 1954. 


INTRODUCTION 


Ever since the disclosure and demonstration of the outstanding pheno- 
menon of photoperiodism by Garner and Allard (1920), studies in this 
line have been numerous in every part of the world. Rice, the staple 
food crop in a major part of the world, has drawn the attention of a 
large number of workers from different regions. The photoperiodic 
behaviour of some of the Chinese varieties have been reported by Pan 
(1936), of a large number of Japanese varieties by Hara (1930), Fuke 
(1931) and Miyashiro and of several Burmese, Ceylonese and Indonesian 
varieties by Chandraratna (1954). Beachell (1943) has studied the 
photoperiodic response of 10 varieties of rice grown at the Texas 
Agricultural Experiment Station, some of them introduced into U.S.A. 
from Japan and Philippine Islands. Rice grown in India is broadly 
classified as early, medium-early and late varieties (Mitra and Gupta, 
1945). From the effects of short and long photoperiods on early (Misra, 
1955 a), medium-early (Misra, 1953, 1955 b),. late (Misra, 1952) and 
spring (Misra, 1954 a) varieties of Uttar Pradesh, on 5 varieties of 
Bihar (1945), a large number of varieties of Bengal (Sircar, 1948) and 
on 4 late-winter varieties of Orissa (Misra, 1954 b) it appears that the 
photoperiodic response of rice is greatly different in different varieties. 


The present investigation aims at finding out the response of 2 
varieties of late (early-winter) rice to 10-hour short-day photoperiods 
administered at different stages after transplantation. 


MATERIAL AND METHODS 


The varieties included in the present investigation are: (i) T. 36, 
a selection of No. 1 Cuttack, a winter rice of Orissa. This has been 
introduced into Uttar Pradesh and is now occupying a large acreage 
in that State and (ii) T. 23, a selection from Kala Sukhadas of Banda 
District, Uttar Pradesh. This is an indigenous variety of the Uttar 
Pradesh. Seeds were sown in flat pots on June 26, 1949. Twenty 
days old seedlings were transplanted on July 16, 1949 to bigger pots. 
Within about 10 days the plants were all well-rooted in the soil and they 
showed signs of fresh life by putting forth new leaves. All the pots 
under this experiment were then divided into 7 sets of 6 pots each. 
One set of seedlings served as control and was subjected to the full 
daily period of natural illumination. Of the remaining 6 sets the Ist 
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set was subjected to 10-hour daylight (8-00a.m. to 6-00 p.m.) when 
the seedlings were 30 days old; the 2nd, 3rd, 4th, 5th and 6th sets being 
subjected to this 10-hour short-day photoperiod one after another at 
an interval of 10 days, i.e., when the seedlings were respectively 40, 
50, 60, 70 and 80 days old. In each set the short-day treatment was 
continued till ear emergence in the individual plants after which the 
pots were kept in the open space to receive the natural day length till 
the time of harvesting. A brief report was published earlier (Misra, 
1950). 
RESULTS 


Time of ear emergence.—The index of ear emergence was the first 
appearance of the inflorescence through the flag leaf. To note the 
dates of ear emergence, observations were made daily at about 3-00 p.m. 
The average days taken from sowing to ear emergence under different 
treatments are presented in Table I and graphically in Fig. 1. The 
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noth of anes of the data on ear emergence is given in Table IT. 
e photographs of the treated and control plants are gi in Fi 
a ype p re given in Figs. 2 


A study of Tables I and II shows that short days i 
reduced the period from sowing to ear emergence. The reducer ws 
a matter of fact is more when the treatment is started earlier, How- 
ever, the effect of the treatment is not the same for both the varieties 
as shown by the significant interaction between variety and treatment 
The reduction in the duration for ear emergence is more in variety T 36. 
From the statistical analysis of the data it was clear that the seedlin s 
at the time of the commencement of the treatment and the rellochiga 
in the flowering duration from the control is practically linear, The 
regression equation is given by Y = 46-36 — 9-77 X, where X is the 
age of the seediing at the time of treatment initiation, measured from 
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TABLE I 
Time from sowing to ear emergence of the main shoot 


Sowing date June 26, 1949; Transplanted July 16, 1949. + indicates earliness ; 
= epee delaying effect, Figures in brackets indicate difference from control 
in days 
SS SSS SSS SSS 


Days from sowing to Ist panicle emergence 


T. 36 T. 23 
Short-day treatment to— 
30-day old seedlings Fie 67-6 82-8 
’ (+46+1) (+29-9) 
40-day old seedlings on 77-0 83-2 
(+36-7) (+29-5) 
50-day old seedlings oo 86-9 92-7 
(+26-8) (+20-0) 
60-day old seedlings oe 95-°9 102-3 
(+17-8) (+12-4) 
. 
70-day old seedlings on 107-0 112-2 
(+ 6-7) (+ 0-5) 
80-day old seedlings an 109-4 113-4 
(+ 4:3) (-— 0-7) 
Controls oo 113-7 112-7 


S.E. of an individual mean = 0-54; C.D. at 5% for comparing two individual 
means = 1°52. 


TABLE II 


Analysis of variance of the data on ear emergence 


Source of variation | D.F, SiS; | M.S. | F 5% F | 1% F 
Varieties (V) ue 1 46-80 46-80 425. -45¢* 3°98 7-01 
Treatments (T) on 6 | 1084-21 | 180:70  1642- aio 2-23 | 3:07 
Interaction (V x T) .. 6 25°97 4°33 39-36**| 2-23 | 3°07 
Error Be eer) 7°79 0-11 by rs | 


** Significant at 1% level. 
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30 days in units of 10 days and Y the difference in the time of ear 
emergence from the control, i.e., the reduction in duration. This regres- 
sion equation indicates that for every 10 days’ delay in the commence- 
ment of the treatment flowering duration is increased by 9-77 days. 
In the calculation of this equation the 80-day treatment has been left 
out as the difference between the 80- and 70-day sets was very small. 
This relationship holds good only in treatments with 30 to 70-day old 
plants. 

In variety T. 23, 30- and 40-day old seedlings gave practically 
the same response and with 70- or 80-day old seedlings there was no 
earlier ear emergence from the control. The changes in the reduction 
of flowering duration with seedlings of 40 to 70 days old followed the 
regression equation Y = 29-79 —9-46X. This equation indicates 
that for every 10 days delay in the commencement of the treatment 
flowering duration is increased by 9:46 days agreeing well with the 
value for T. 36. In the calculation of this equation the 30-day and 
80-day treatments were left out for the reasons stated above. Thus 
this relationship holds good in treatments with 40 to 70-day old seed- 
lings. 

Since in this experiment seedlings of different developmental 
stages are exposed to short days, it is interesting to note the number 
of short days necessary to bring about ear emergence in the different 
sets. In the case of variety T. 36, an exposure to short days for a 
period of 37 days is necessary to bring about ear emergence in all sets 
excepting the 80-day set. In other words whether the short days are 
begun with 30-, 40-, 50-, 60- or 70-day old seedlings, another period 
of 37 days of short-day exposure is the minimum requirement in each 
case for the conversion of the vegetative apices to reproductive spike- 
lets and subsequent exsertion of the ear through the flag leaf. Only 
in 80-day old seedlings, exposure to 30 short days suffices to bring 
about ear emergence. This value of 30 days has been tested to be 
statistically low at 5 per cent. level than the previous value of 37 days 
in case of younger seedlings. 


Variety T. 23 presents a slightly different picture. Here, for the 
30-day old seedlings 53 days exposure of short days is the minimum 
requirement; for the 40-, 50-, 60- and 70-day old seedlings 42 to 43 
days exposure and for the 80-day old seedlings 33 days exposure only 
is sufficient to bring about the emergence of ears. In this case, there- 
fore, for the very young seedlings a longer exposure to short days and 
for the very old seedlings a shorter exposure to short days is needed 
for a change of the vegetative to the reproductive condition followed 
by extrusion of the ear through the flag leaf. In view of all these differ- 
ences in their responses towards the short-day photoperiod variety 
T. 36 may be considered a ‘sensitive’ one and variety T. 23 a “less 
sensitive”? one. 


Tillering—In order to investigate the difference i 

wee n th 

tillering due to the effect of short days applied at different ee ee 
were counted 5 times during the ontogeny of the plant. A study of 
the average figures for tillers at different ages (Table IIl) showed the 
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TABLE IIT 
Number of tillers per plant at different stages of plant growth 
Average of 24 plants 


n 
5 Short-day treatment from Bel | 
5 Bo | Samebow, 
5 | § | Mean at 5% 
= 30th day hese day |50th day |60th day |70th day |80th day Os ey | 
| 
Varie- Age at time of Ist count 50 days 
ties | 


T,36 | 1-16 1-95 1-91 1-95 1-70 ‘1-54 2-08 | 0-17 | 0-48 
T. 23 1-00 1-20 1:79 | 2-08 2-04 1-79 1-95 | 0-09 0-28 
Age at time of 2nd count 60 days | 


362) 116 1:95 1-95 1-95 2-04 1-79 2-16 | 0-15 | 0-42 


T. 23 1-00 | 1-29 1-83 2-08 2°25 2-00 2°12 | 0:09 | 0-28 
Age at time of 3rd count 70 days 


T.36 1-66 1-95 | 1-95 2-16 3-20 2-20 2-16 | 0-22 0-64 


we, 230) 1-00 1-29 1°83 2-08 2-25 2-00 2-12 | 0-09 0-28 
Age at time of 4th count 90 days 


£3 36 4-21 3°13 | 3-2] 2-50 3°17 2-33 2°04 0-24 0-69 
ie 23: 2-41 2-20 | 1-83 2-08 2-29 2-04 2-12 0-14 | 0-42 


Age at time of 5th count 100 days 


T.36 4:50 3:54 | 4°33 2-50 3-08 2°33 2:04 | 0-31 | 0-89 


| 
T. 23 | 2°42 | 3:29 | 2-33 2-08 2:29 2°04 2:12 | 0-18 | 0-53 


| | | 


profound influence of short days on the number of tillers produced. 
When the short-day exposure had been given at younger stages, i.e., 
at the age of 30, 40 and 50 days, there was an inhibition in the produc- 
tion of tillers. As soon as short-day exposure was discontinued after 
the emergence of ears in the main shoots, tiller production was aug- 
mented and in the variety T. 36 far surpassed the number in the control 
plants. When the short-day exposure had been applied at advanced 
stages of the plant, i.e., to 60-, 70- and 80-day old plants the treatment 
did not bring about any significant depressing effect on the production 
of tillers nor was there any steep rise in the production of tillers 
towards the end of the life period of the plant after the short-day expo- 
sure had been discontinued. 


Number of leaves.—The total number of green leaves produced 
per plant in the different treated sets was also counted. Their average 
figures (Table IV) showed that short-day exposure given from the stage 
of 30-day old seedlings had greatly inhibited the production of leaves 
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TABLE IV 
Number of leaves per plant at different stages of plant growth 


Average of 24 plants 


Short-day treatment from 


2 — 
: i § fa & (Se car 
E a | ee / ‘ | § Mean | at5% 
2 |30th day |40th day 50th day (60th day |70th day |80th day OL ¥ 
25 oe itt? . 

Varie-| “| | Age at time of Ist record 50 days | 


T. 36 6-42 §-50 8-46 | 7°58 | 7:25 | 6-42 8-42 0-44 | 1-29 


T.23 5-91 | 6-79 | 9-29 8-08 | 9-04 7-08 | 8-37 0-32 | 0-94 
Age at time of 2nd record 60 days 
T.36 6-46 | 9-58 | 10-29 8-25 | 8-25 | 8-00 | 8-75 0-46 | 1-31 


0-46 | 1-31 


© 
co 
~ 


9-62 | 10-16 | 8-54 


T. 23 | 56-91 7-04 9-66 


Age at time of 8rd _ record 70 days 


T. 36 6-83 | 10-04 | 10-75 | 10-33 10-96 8-67 | 9-46 0-67 | 1-92 


10-16 0-39 | 1-14 


T. 23 | 6-08 8-29 | 11-08 11-41 10-37 9-58 


Age at time of 4th record 90 days | 
T.36 10-00 | 10-42 | 11-33 | 12-17 | 15-21 | 11-25 | 9-21 0-89 | 2-56 


13-54 | 12-50 | 11-62 | 11-50 | 0-51 | 1-48 


T. 23 | 7°70 6-79 | 10-45 


in both the varieties whereas with 40-day old seedlings the depressing 
effect was noticed in the case of variety T. 23 only. When applied 
to older seedlings, i.e., to seedlings which were 50 to 80 days old, short 
days had practically no controlling effect on the production of the 
leaves. 


Plant height.—The height of the individual plants under the 
different experimental sets has been recorded at 4 stages along with 
the count of tillers. It was seen from the mean figures (Table V) that 
the height of the plants had been inhibited markedly in both the varie- 
ties throughout their life period, when the plants had been subjected 
to short days at the age of 30 days. With 40-day old seedlings there 
had been slight inhibition in the beginning followed by some increase 
in the middle but culminating again in a great depression at the final 
stage. With fairly mature and old plants there had been a stimulating 
effect of short days on the height which far surpassed that of the 
control plants at the final stage. 


Grain yield—After harvest, the grains of the individual plants 
were dried in the sun as usual and their weights were recorded. The 
results are presented in Table VI and graphically in Fig. 4. The 


~— 
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TABLE V 


Height per plant in cm. Average of 24 plants 


wn 
r= Short-day treatment from = 
I g Sag C.): 
s | 5 Mean |at 5 % 
Pa 30th day |40th day |50th day |60th day |70th day |80th day eS) 

Varie- Age at time of Ist record 50 days 


T. 36 | (3-83 | 76-29 | 84-08] 83-33 | 79-70 | 75-95 | 79-79 | 1-06 | 3-04 


T. 23 | 58-00 | 64-83 76-21 | 79°46 | 81-92 | 77-58 | 77-67 | 1-27 | 3-68 
Age at time of 2nd record 60 days 


T. 36 | 67-25 | 93-04 | 100-04 | 91-33 { 93-04 | 92-00 | 88-42 | 1-56 | 4-41 


T. 23 | 65-83 | 84-50 | 90-17 | 86-67 | 89-42 | 85-29 | 85-17 | 1-56 | 4-41 


Age at time of 8rd record 70 days 


T. 36 | 85-88 | 100-79 | 118-21 | 100-46 | 91-50 | 90-46 | 91-42 | 1+64 | 4-65 


T, 23 | 85-92 | 100-67 | 116-54 | 100-92 | 91-50 | 90-46 | 91-42 | 1-69 | 4-90 


[ Age at time of 4th record 90 days 
T. 36 85°88 | 100-79 | 118-21 | 133-63 


138-75 | 129-63 | 117-25 | 2-67 | 7°58 
T. 23 | 85-92 | 100-67 | 143-25 | 141-00 | 135-46 | 123-33 | 116-83 | 2-67 | 7-58 
i : 9 T.23 
oe ; 
£ oe 
oo ¢ 
= 4 
a4 ris 
= 4 
oO 4 
ae ie 
3s 
o 
>, 2 
A= 
© 1 
OQ 
~ a. 
Z0nme40re AS05660) 707" BO C 


Age at treatment initiation (days). 


Fic. 4 


statistical analysis of the data on grain yield is given in Table. VII. 
A study of these shows that the short-day treatment given at different 
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TABLE VI 
Grain yield per plant in gm. 


Average of 24 plants 
_——_ 


Short-day treatment from Tips 
Treatments | | eee ods Control a at 
30th day 40th day |50th day 60th day |70th day 80th day | 
} | 
Varieties : 


T. 36 2-00 2-60 3°40 2-70 2-96 3-65 5 +55 0-24 


T. 23 1-40 1-98 2-15 2-33 3°18 2-82 6-60 0-70 


TABLE VII 


Analysis of variance of the data on grain yield 


ES RE RT RE A A RR ER, 


Source of variation | D.F. S.S | M.S | F ; 9% F | 1% F 
I 
Varieties (Vj . 1 / 2-50 2°50 6+75* 3:98 7-01 
‘Treatments (T ) 6 143-30 23-88 64-54** | 2.23 3:07 
Interaction (VxT) «=| 6 10-40 1-73 4-67** | 2.23 | 3-07 
Error 70 25-78 
Total acl: Bei 182O8. my tel | ree 


* Significant at 5% level; ** Significant at 1% level. 


periods has brought about reduction in grain yield in each case. The 
reduction is the greatest where the short days were given to 30-day 
old seedlings. Although with older seedlings the grain yield increases 
it is always less than in the controls, e.g., even when the treatment is 
started with 70- and 70-day old plants the grain yield is only 50 per 
cent. of the control plants. 


Components of yield—The components of yield such as number and 
length of panicles, grains per panicles, spikelets per panicles, percentage 
of grains set and weight of 1,000 grains were recorded as usual and are 


presented in Table VIII and the statistical analyses of these data in 
Table IX. 


A study of Tables VIII and IX leads to the following salient points: 


(a) The effect of short-day treatment on number of panicles is 
rather different for the 2 varieties. While in variety T. 36 there is a 
significant increase for 30-day old seedlings, the reverse is the case with 


ee a 


— 
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TABLE VIII 


Components of yield 


(Average of 24 plants). Figures in brackets indicate percentage increase (+-) or 
decrease ( — ) from contro 


SHS 
Short-day treatment from os 4 
pe ee sks 36 8 
Treatments | | | | Control |P 9 9 & 
30th 40th 50th 60th 70th 80th * CES 
day | day day day | day day ae 
| | / | ns § 
Varieties | No. of panicles per plant 
T. 36 4-08 3°25 3°95 2-20 2-16 1-75 1-75 | 0-23 
Tes 1-95 3:00 2:16! 1-79 2-08 | 1-70 2-08 | 0-66 
Length of panicle in cm. 
T. 36 14-97 | 16-00 | 17-10 | 17-17] 16-98 18-60 | 26-12] 0-61 
T. 23 17-60 | 17-57 | 20-60! 21-30 | 21-37 |} 20°55 | 27-95 | 1-75 
No. of grains per panicle 
T. 36 17-15 | 29-08 | 29-88 |) 43-78 | 51°35 | 70-66 | 100-11 | 5-03 
T. 23 34-76 | 34-93 | 55-58 | 63-73 | 71-65 | 86-00 | 141-18 | 14-18 
No. of spikelets (grains and 
empty spikelets) per panicle 
T. 36 30°96 | 43-05 | 50-05 | 58-41 | 59-51 78:06 | 132-05 | 5-73 
T. 23 56-31 | 53-61 | 100-81 | 89-21 | 80-49 | 97-66 | 173-90 | 16-16 


Percentage of grains set 
per panicle 


1. 36 54°86 | 67-21 | 59-80 | 74-60 | 85-20} 90-63 | 75-71 | 2-28 
T. 23 61-71 | 63-68 54-93 76-86 | 88-90 | 87-91 | 81-73 | 6-45 
One thousand grain weight 
in gm. 
T.36 28-65 | 29-46 | 28-90 | 28-38 | 29-65 | 29-83 | 31-61 
T, 23 20-90 | 20-18 | 18:26 | 18-51 | 21-26 | 19°70 | 22-78 


1 


T. 23. With older seedlings of both the varieties there is very little 
difference from the control plants. However, it may be noted that 
the effect on panicle number is rather inconsistent with different ages 
of seedlings and in the absence of further experimentation it is not safe 
to generalize. 


(6) Short days given at any stage from 30- to 80-day old seedlings 
bring about a significant reduction in the length of the panicle in every 
case. The reduction is much more in the case of seedlings treated 
at younger age. 
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TABLE 1X 
Analysis of variance of the data on components of yield 
Source of variation | D.F. S.S. M.S. F 5% F 
No. of panicles per plant 
Varieties (V 1 8-20 8-20 24-84** 3-98 
hares vr} ee 6 27-17 4-53 13-72**| 2-23 
Interaction (V x T) 6 16-04 2-67 8-09** 2-23 
Error a0 | 23-11 | 0-33 . ee 
Total ..| 88 | 74:52 | 
Length of panicle 
| 
Varieties (V) 1 171-43 | 171-48 74-86** 3-98 
Treatments (T) ++ 6 900-68 150-11 65-55** 2-23 
Interactiou (V x T) 6 23-87 | 3-98 1-74 2-23 
Error °° 0 160-50 | 2-29 oe 
Total 83 1256-48 
No. of grains per panicle 
Varieties (V) . 1 9748-14 9748-14 3-98 
Treatments (T) .. 6 | 75244-25 | 12540-70 2-23 
Interaction (V x T) 6 2135-57 355-92 2-23 
Error e-| 70 10627-1383 151-81 She 
Total 83 | 97755-09 | 
No. of spikelets per panicle 
Varieties (V) . 1 17125-72 17125-72 86-84**| 3-98 
Treatments (T) e 6 94344-46 15724-07 79-73**| 2.93 
Interacrion (V x T) 6 3440-34 573-39 2-90" | 2-23 
Error wale we 13804-71 “ on a 
Total ..| 83 128715-23 
Percentage of grains set per panicle 
Varieties (V) > 1 25-52 25-52 0-81 3-98 
Treatments (T) ++| 6 12241-80 | 2040-30 64-91**) 2.93 
Interaction (V xT) 6 410-98 68-49 2-17" | 2-23 
Error fa | MEO 2200-55 31-43 7 is 
Total +-| 83 | 1487885 | 
One thousand grain weight 
Varieties (V} a 1 1804+22 1804-22 1134-72** . 
Treatments (T) ++| 6 113-62 18-93 11.90" 3 
Interaction (V x T) 6 18-74 3-12 1-96 2.93 
Error 70 111-49 1:59 “ is 
Total ..| 83 2048-07 | ; | 


* Significant at 


5% level; ** Significant at 1% level. 


| 
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(c) Short days applied at all stages of the seedlings have con- 
siderably lowered the number of grains set per panicle. The maximum 
reduction is with the 30-day old seedlings. As short days are given 
to older plants there is a gradual increase in the number of grains but 
even with 80-day old seedlings the figure is about 35 per cent lower 
than that of the control plants. 


(d) The number of spikelets have been greatly decreased as a result 
of short days. The decrease is very great in the case of 30- and 40- 
day seedlings. 


(e) The percentage of grains set per panicle shows a very interesting 
trend. The percentage is less in 30- to 60-day old seedlings, but in 
70- and 80-day old seedlings it is significantly more than that of the 
control plants. : 


(f) Short days have decreased the weight of 1,000 grains in all 
cases irrespective of the age at which the treatments were given. 


DISCUSSION 


The interesting points about the photoperiodic behaviour of these 
two early-winter varieties are that although the short-day treatment 
from early stages of growth of the plants greatly hastens the date of 
the first panicle emergence there was no marked earliness when the 
treatment was started with 70- and 80-day old seedlings. Tabata, 
Tedsuka and Hatabuchi (1934) also noted that the short-day treatments 
begun after the plants were well advanced had no effect on time of 
heading. Fuke (1931) similarly concluded that, as a result, short- 
day treatments are most effective when used on plants that have 7 to 
9 leaves and are beginning to tiller freely. Treatments starting 30 days 
prior to natural heading are slightly less effective, and treatments begin- 
ning before the plants have 7 to 9 leaves or 16 days prior to natural 
heading are relatively ineffective. Earlier, it has been observed that 
when short days have been given in seed bed for 3, 4, 5 and 6 weeks 
to variety T. 23 there has been a gradual delay in the ear emergence 
with increase in duration of the treatment (Misra, 1952) but the short 
days when applied in the present investigation to transplanted seedlings 
of 30-day or older seedlings produce significant earliness. The differ- 
ence might be due to the fact that in the seed bed stage the seedlings 
develop but very few young leaves mostly less than 6 and tillering did 
not start at all so long as the plants were in the seed bed. It is known 
that the fully developed new leaves are the chief loci of perception of 
the photoperiodic stimulus. Hamner and Bonner (1938) and Naylor 
(1941) have shown that the young developing and the old ones. may 

even inhibit the photoperiodic reaction of the mature leaves, either by 
diluting or destroying the substance produced. There may be other 
possibilities and without further work it is not safe to draw any definite 
conclusion. as : 

Furthermore, it is to be studied whether the reduced flowering 
response as reflected in the reduction in grain weight from plants treated 
with inducing days at an early age is merely due to the lesser size of 
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¢ at time of induction. It is generally known that smaller 
Sites extn produce as many flowers as larger ones. It 1s hen 
that the reserve built up in smaller plants might not be sufficient for 
the subsequent vigorous drain. Examples of such observations a 
be seen in the experiments on pineapple of van Overbeek (1946) “7 
on barley of Leopold and Thimann (1949). Van Overbeek foun ms 
strong correlation between the number of leaves of a plant and the 
weight of the fruit it produces. Leopold and Thimann observed 20% 
relation between the number of flower primordia and the weight o 
the plant. It is worthwhile studying how far the auxins if any con- 
trolling flowering response in rice also produces a parallel effect on 
different phases of growth. 


SUMMARY 


The effect of 10-hour short days has been studied in pot culture 
experiments in two early-winter varieties of rice, Te 36cand: civ23: 
Short-day treatment started with 30-day old seedlings brought about 
an earliness of 46:1 days in variety T. 36 wheras the corresponding 
figure for the variety T.23 is only 29-9 days, although the normal 
flowering period in both the varieties is almost the same. As the date 
of commencement of the short-day treatment is delayed by a period of 
days for the successively later sets of 40-, 50-, 60- and 70-day old seed- 
lings there was a progressive delay in the onset of the flowering time 
in variety T. 36 and the various sets flowered at about 10-day intervals 
throughout their growth period in contrast to the behaviour in variety 
T. 23 where the 30 days and the 40 days sets came to flower together. 
Furthermore, in the variety T. 36, an earliness of 4-3 days was observed 
even when the short-day treatment was commenced at an advanced 
age of 80 days but in the variety T. 23 there was no marked earliness 
when the treatment was started with 70 and 80 days old seedling. In 
view of these differences in their responses towards the short-day 
photoperiod, variety T. 36 may be considered a “sensitive” one and 
variety T.23 a ‘“‘less sensitive’? one. 


ACKNOWLEDGEMENT 


I am indebted to Dr. P. Parija for kindly suggesting me this 
particular problem, to Prof. Shri Ranjan for his guidance, helpful 
criticism and adequate facilities to carry on these investigations at the 
Botanical Laboratory of the Allahabad University, to Sri T. P. 
Abraham, former Statistician, Central Rice Research Institute, for his 
advice on the statistical analysis of the experimental data and to 
Mr. C. M. Bastia for his help in the preparation of the diagrams, 


LITERATURE CITED 


BEACHELL, H. M. 1943. Effect of photoperiod on rice varieties grown in the field. 
J. agric. Res., 66: 325-40, 


CHANDRARATNA, M. F. 1954. | Photoperiod response in rice (Oryza sativa L.), 1. 
Effects on inflorescence initiation and emergence. New Phytol., 53: 397-405, 
FuKe, Y. 1931. On the short-day and illumination treat 


t ments in rice referring 
especially to the time and duration of the treatment. Imp. ; : 
Nishigahara, Tokyo J., 1: 283-86. sh Seaton Her | 


PHOTOPERIODISM IN RICE—V 65 


GARNER, W. W. AND ALLARD, H. A. 1920. Effect of the relative length of day and 
night and other factors of the environment on growth and reproduction in plants. 
J. agric. Res., 18: 553-606. 


HAMNER, K. C. AND Bonner, J. 1938. Photoperiodism in relation to hormones as 
factors in floral initiation and development. Bot. Gaz., 100: 388-431. 


Hara, H.S. 1930. On the influence of the duration of illumination upon the shoot- 
ing time and growth of paddy rice (Japanese). Ann. agric. Expt. Sta. Gov. Gen. 
Chosin (Corea), 5: 223-49 (original not seen). 


LEopoLp, A. C. AND THIMANN, K. V. 1949. The effect of auxin on flower initiation. 
Amer. J. Bot., 36: 342-47. 


Misra, G. 1950. Effect of photoperiod on the flowering time of two late varieties 
of paddy. Curr. Sci., 19: 126-27. 


. 1952. Photoperiodism and vernalisation in some Indian varieties of 
rice and wheat. D. Phil. Thesis, Allahabad University. 


. 1953. Photoperiodic behaviour of medium-early varieties of rice. 
Science, 118: 552-53. 


————. 1954a. Photoperiodism in rice, I. Photoperiodic response of one 
variety of Dalua (spring) rice. Bull. Torrey bot. Cl., 81: 323-28. 


. 19546. Photoperiodism in rice, III. Effect of short day length on 
four late-winter varieties of rice of Orissa. Proc. Indian Acad. Sci., 40: 173-82. 


1955. Photoperiodism in Rice, II. Photoperiodic response of four 
early varieties of rice of Uttar Pradesh. New Phytol., 54: 29-38. 


————. 19556. Photoperiodism in rice, IV. Effects of short day length 
on three medium-early varieties of rice of Uttar Pradesh. Proc. nat. Inst. Sci. 
India, 21: 1-9. 


Mirra, A. K. and Gupta, P. S._ 1945. Froduction of more rice per acre in the 
United Provinces. Indian Farming, 6: 398-402. 


MryAsHiro, J. 1935. Experiments on photoperiodism of low-land tice, Crop 
Sci. Soc. Japan Proc., 7: 171-81 (original not seen). 


Naytor, A. W. 1941. Effect of nutrition and age upon rate of development of 
terminal staminate inflorescences of Xanthium pennsylvanicum. Bot. Gaz., 103: 
342-53. 


Pan, C. L. 1936. Length of exposure to light in relation to plant growth in rice, 
ap Amer. Soc. Agron., 28: 5 5 


.B. 1945. Studies on the effect of ‘short’ and ‘long’ day treatment on the 
Bee seriod and the flowering dates of different paddy varieties. J. Indian 
bot. Soc., 24: 153-61. 


SircaR, S. M. 1948. Vernalisation and photoperiodism in the tropics. Lotsya. 
1; 121-28. 
., TEDSUKA, T. AND Hatasucul, M. 1934. Effects of short day upon several 
ere ee rs in rice plant. Crop. Sci. Soc. Japan Proc., 6(2): 212-21. (original 
not seen). 


Vv ie OverBEEK, J. 1946. Flower formation and fruit size of pineapple. Bot. Gaz., 
108: 64-73. 


Wayte, R. O. AND OLsHoviKov, M. A. 1939. Photoperiodism in the plant kingdom. 
Chronica Botanica, 5: 327-31 


66 GADADHAR MISRA 


EXPLANATION OF FIGURES 


Fic. 1. Time in days from sowing to first panicle emergence in two early-winter 
varieties, T. 36 and T. 23, when 10-hour short days were given to 30-, 40-, 50-, 60-, 
70- and 80-day old seediings till the time of ear emergence in eachsset. Control 
(C) received the full daylight of a natural day. 


Fic. 2. Paddy variety T.36 (Top). 


Fic. 3. Paddy variety T. 23 (Bottom). Earlier panicle emergence in the plants 
which received 10-hour short days at younger stages of growth in comparison 
with the controls which received the full daylight of the natural day. Photoperiodic 
inhibition in height of the plants which were forced to earlier flowering under the 
influence of short-day photoperiods. Number on pots correspond to age of the 
plants in days at the time of commencement of the treatment. Seed sown, June 26. 
Transplanted, July 16. Tests began, July 26. Photographed, October 15, 1949. 


Fic. 4. Grain yield per plant in grams in the two early-winter varieties, T. 36 
and T. 23, when 10-hour short-day photoperiods were given to 30-, 40-, 50-, 60- 
70- and 80-day old seedlings till ear emergence in each individual set. Control 
(C) received full length of natural day. 
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PHOTOPERIODISM IN RICE 


VI. Effect of Long Day Length on Three Medium-Early 
Varieties of Rice of Uttar Pradesh 
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(Received for publication on November 5, 1954) 


INTRODUCTION 


THE effect of short-day photoperiods on different categories of Indian 
rice such as early (Misra, 1951), medium-early (Misra, 1955) and late 
varieties (Misra, 1950; Sircar, 1948; Sircar and Parija, 1949; Sen- 
gupta and Sen, 1944, 1945) has been investigated. Little work has, 
however, been done on the effect of long-day photoperiods on rice. 
Kar (1946) observed an earliness in ear emergence in two aus varieties 
of rice of Bengal by application of long days. Sen (1948) using a long- 
day exposure of 16 hours for 1 month observed an earliness of 6-7 
days in ‘Bhasamanik’ and ‘Kumargar’ of Bengal. In the present 
investigation an attempt is made to study the effect of 24-hour con- 
tinuous long day on 3 medium-early varieties of rice of Uttar Pradesh. 


MATERIAL AND METHOD 


Pure strains of the following 3 varieties of rice were procured from 
Nagina Rice Research Station, Uttar Pradesh: (1) T. 3—a selection 
from Basmati of Dehra Dun District; (2) T. 12—a selection from 
Hanshraj of Unao District; and (3) T.21—a selection from Chawal 
of Rampur State. 


A 24-hour long photoperiod obtained by supplementing the 
natural daylight period with electric illumination from a 500 watt 
bulb from evening to morning was given to | week old seedlings for 3, 
4, 5 and 6 weeks in the seed bed pots in separate sets. After the expo- 
sure to long-day photoperiods for these different durations was over, 
the seedlings were transplanted into bigger-sized earthenware pots 
and were kept for the rest of their life-cycle in an open space in the 
Botanical Gardens along with the controls. All other environmental 
conditions excepting the light period were kept identical in the controls 
and the experimental sets. Each set consisted of 6 pots with 4 seedlings 
in a pot. 

EXPERIMENTAL RESULTS 


Ear emergence 
The data on ear emergence of the main shoot are presented in 
Table I. 


eo 
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Taste I. Time in days from sowing to ear emergence of t1e main shoot 


Sowing date: June 18, 1949; Transplanting date: June 25, 1949. + indicates 
earliness; — indicates delaying effect. 


= No. of days from sowing to ear Difference from control 
emergence (Average of 24 plants) in days 
T, SecieTh alee a) Meany .T7'3° | T2112. 4P°21 Mean 
i See I A aM, 5 A a Bil 
Controls .. 106-25 99-30 | 108-70 104-75 ot aN 7 ve 
| 
L. day for 
3 weeks 104-80 98-00 | 104-35 102-38 +1-45 + 1-30 |+4-35 +2-36 
L. day for 
4 weeks  100-:30 105-20 | 106-65 107-38 -—4-05 — 5-90 |4+2-05 —4-00 
L, day for 
5 weeks 111-00 109-45 | 111-10 110-51 -—4-75 -10-15 |—2-40 —5-76 
L. day for 


6 weeks 112-50 110-15 | 114-75 112-46 -6-25 |-10-85 |-6-05 —7-71 


S.E. of a treatment mean = 0°55; C.D. at 5% of treatment mean = 1°57, 


S.E. of an individual mean = 0°96; C.D. at 5% for comparing two individual 
means = 2:73. 


A study of Table I shows that the 24-hour continuous illumination 
for 4, 5, and 6 weeks delayed the time of ear emergence in all the 3 varie- 
ties and the delay is statistically significant. The long-day treatment 
for 3 weeks, on the other hand, produced a slight earliness. 


Grain Yield 
The grain yield per plant is given in Table II. 


TABLE II. Grain yield in gm. per plant 
(Average of 24 plants) 


-_— ees 


iT, a | sist el Sriitteal » ad Mean | Percentage 


L. day for 3 weeks ++) 4°96 


Controls «»| 4°49 4-77 6-62 | 5-29 100-0 
| 6-13 7-16 6-08 114-9 


L, day for 4 weeks «-| 5+32 


6-20 | 7-10 | 6-2] 117-3 


L, day for 5 weeks ..| 4°65 6°74 6-66 6-01 113-6 


L. day for 6 weeks sel 4015 


6-24 | 5-85 | 5-41 102-2 


yes 4 treatment mean = 0°21; C.D. at 5% of a treatment mean — 0°62. 
ee Se mean = 0°37; C.D. at 5% for comparing two individual 
The grain yield has shown a si 


, gnificant increase c 
in the 3, 4 and 5 weeks long- over the controls 


day treatment sets. A longer period of 
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treatment under the long day has, however, not brought about any 
substantia] change in the yield. 


Components of Yield 


The components of yield such as number of panicles, length of 
panicles, number of grains per panicle, number of spikelets per panicle, 
percentage of grains set per panicle and the weight of 1,000 
grains are presented in Table III, 


TABLE III. Components of yield 


sien 4 ene P22 Wrewed Mean _ | Percentage 
No, of panicles per plant 
Controls wh 4°45 3-70 | 3-30 3:81 100-0 
L. day for 3 weeks ar 3-20 3°10 3-15 3°15 82-6 
L. day for 4 weeks a 3-95 2-90 3-10 3°31 86-8 
L. day for 5 weeks Ae 3°45 2°75 2-80 3-00 78-7 
L. day for 6 weeks Peat OO 2-40 2-60 2-66 69-8 
Length of the panicle in cm. 
Controls ..| 23°20 20-18 21-62 21-66 100-0 
L. day for 3 weeks «.| 27-20 23-14 23-34 24-56 113-3 
LL. day for 4 weeks .-| 24-82 21°68 21-38 22-62 104-4 
L. day for 5 weeks --| 25°38 22-92 20-92 23°07 106°5 
L, day for 6 weeks »-| 24°40 23-60 19°72 22°57 104-2 
No. of grains per panicle 
Controls -.| 50°76 63-66 78-92 | 64-44 100-0 
T.. day for 3 weeks --| 73°88 93-48 90-16 | 85-91 133-3 
L. day for 4 weeks --| 65-12 99-02 92-40 85-46 132°6 
L. day for 5 weeks --| 68-08 115-+38 95-18 92-88 144-1 
L. day for 6 weeks --| 70-00 | 119-34 91:06 | 93-46 145-0 
No. of spikelets per panicle 
Controls eel 70°36 89-70 99-38 86-48 | 100-0 
IL, day for 3 weeks ++| 98-32 | 125-68 | 113-62 | 112-54 130-1 
L. day for 4 weeks -.| 86-04 129°36 | 115-42 | 110-27 127-5 
L. day for 5 weeks --| 85°38 149-20 119-32 117-96 136°4 
L. day for 6 weeks 91-48 | 148-54 | 109-44 | 116-48 134-6 


Percentage of grains set per panicle 


Controls oe) 5 FQe14 70-84 79+30 74:09 100-0 
L. day for 3 weeks --| 74-98 74°34 79 +34. 76-22 102-8 
L. day for 4 weeks ..| 75°60 76-76 79-86 717-40 104-4 
L. day for 5 weeks -+| 79-80 | 77°40 79-74 78-98 106-6 
L. day for 6 weeks Ppl erkouy 80-52 83-24 80-09 108-0 


1,000 grain weight in gm. 


Controls 

L. day for 3 weeks 
-L. day for 4 weeks 
L. day for 5 weeks 
L. day for 6 weeks 


-| 20-12 20-98 25-68 22-26 100-0 
.| 20-32 21-14 25 +22 22-22 99-8 
21-56 25-10 | 22-52 100-1 
20:10 21-52 24-92 22-18 99-6 
19-76 21-76 24°84 22°12 99-3 


« teres | 
to 
i=) 
te} 
oO 
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A study of Table III leads to the following salient conclusions :— 


The number of panicles is greatly reduced as a result of the long- 
day exposures. The maximum reduction 1s observed in the 6-week 
treatment set. The average length of the panicle is more in all the 
treated sets than the controls, the maximum increase in length has been 
observed in the 3-week treatment set. The number of grains per panicle 
is considerably increased in all the treated sets. The 6- and 5-week 
treatments show an increase of 44-5%, while the 4- and 3-week treat- 
ments an increase of 33:0°% over the controls. The total number 
of spikelets per panicle greatly increase under the long-day conditions. 
The percentage of grain setting is significantly more than in the controls 
under the 6- and 5-week long-day exposures. Under 3- and 4-week 
exposures, although it shows a slight increase, it is not statistically 
significant. The 1000 grain weight is unaffected by the long-day 
exposures of any duration. 


DISCUSSION 


From the results presented it is clear that though the 3 medium- 
early varieties show certain differences amongst themselves, the general 
trend in the response to the long-day photoperiod is more or less the 
same. Long-day photoperiod for 3 weeks in the seed-bed brings about 
slight earliness in ear emergence in all the 3 varieties, that for 4 weeks 
brings about a delay in only 2 varieties T. 3 and T. 12, whereas the same 
treatment for a longer period of 5 and 6 weeks brings about in all 
varieties a very considerable delay which is statistically significant. 
A similar delay in ear emergence has been reported in 2 early varieties 
T.N. 22 and T.N. 32 of Uttar Pradesh (Misra, 1951, 1952), in one 
aman variety of Bihar (Saran, 1945) andin 8 aman varieties of Bengal 
(Kar and Adhikari, 1944-45). On the other hand, long-day photo- 
period has been reported to cause earliness in 2 aus varieties of Bengal 
(Kar, 1946), 2 late-sown winter varieties of Bengal (Sen, 1948) and to 
produce no significant effect in one spring variety (Misra, 1954) and 
in 4 early-winter and 4 late-winter varieties of rice of Uttar Pradesh 
(Misra, 1952). 

While studying the effect of 10-hour short-day photoperiod on 
the flowering behaviour of these 3 medium-early varieties (Misra, 
1955), it was seen that short-day photoperiods for 3, 4, 5, 6 weeks 
in the seed bed and beyond the 6th week till ear emergence bring about 
a gradual delay in the onset of ear and the delay, too, was much more 
for each treatment period compared to the corresponding delay due 
to the long-day photoperiod obtained in the present investigation. 
So in accordance with the suggestions of Allard (1938), and Allard and 
Garner (1940), these medium-early varieties may be classified as inter- 
mediates, because these come to ear the earliest under the prevailing 
natural length of day and the ear emergence is delayed when the days 
are either shortened or lengthened; or in other words, because these 
varieties flower the soonest within a definite range of length of day. 


SUMMARY 


The effects of 24-hour long-day photoperiod on the gro 
wth, deve- 
lopment and flowering behaviour of 3 medium-early ar of rice 


J. INDIAN BOT. SOC. VOL. XXXIV, PL. III 
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grown in Uttar Pradesh have been studied in pot culture experiments. 
Long-day photoperiods were given for 3, 4, 5 and 6 weeks in seed bed 
to separate sets. There is a gradual delay in the time of ear emergence 
of the main shoots as the duration of long-day treatment is increased 
from 4 weeks to 6 weeks. With 4 weeks long days in the seed bed 
the average delay is 4:05, 5-90 and 2:05 days respectively in the 3 
varieties T. 3, T. 12 and T.21. With 6 weeks long days in the seed 
bed the average delay is 6-25, 10-85 and 6-05 days respectively for the 
same 3 varieties. On the average the grain yield shows a significant 
increase over the controls in the 3, 4 and 5 weeks long-day treatment 
sets consequent upon an increase in length of the panicle and percentage 
of grains set per panicle. 
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INTRODUCTION 


Cucumis melo L. var. pubescens Willd., is a weed belonging to the family 
Cucurbitacez, on which considerable embryological work has been done 
(Kirkwood, 1904; Tillmann, 1906; Kratzer, 1918; Banerji and Das, 
1937; Chakravarti, 1947; Paliwal, 1950; Singh, 1952, 1953; and 
Chopra, 1953, 1954). All these investigators have reported that the 
megasporogenesis is normal and the embryo-sac development follows 
the Polygonum type. Chopra (1953, 1954) has reported the forma- 
tion of the chalazal haustorium in some members of the family. 
Johansen (1950), who has reviewed the existing literature on the develop- 
ment of the embryo in the Cucurbitacee, mentions that the embryo deve- 
lopment in Bryonia dioica (Souéges, 1939) follows the Myosurus variation, 
Onagrad type, while the proembryonic stages of Cucumis sativus (Till- 
mann, 1906) clearly reveal that an epiphysis is formed, showing an 
embryonic relationship with the Trifolium variation, Onagrad type. 
For Fevillea cordifolia he mentions that the first few divisions are 
apparently transverse. Kirkwood (1904) who has studied Cucumis 
myriocarpus along with twelve more genera of the Cucurbitacee, 
remarks that there are two or three transverse divisions of the zygote. 
He, however, does not mention the presence of an epiphysis. It was, 
therefore, considered worthwhile to study Cucumis melo L. var. pube- 
scens, to find out the actual mode of embryo development. 


MATERIAL AND METHODS 


The materia! for the present study was fixed in formalin acetic 
alcohol and embedded in paraffin in the usual way. Serial sections 
were stained with Heidenhain’s iron-alum hematoxylin or safranin 
and fast-green. Whole mounts of the endosperm and embryo were 
also prepared in order to study the development of the haustorium 
and the suspensor. 

OBSERVATIONS 


Ovule.—Numerous bitegmic, anatropous ovules are borne in 
twelve longitudinal rows on the twice bifurcated tips of three parietal 
placente, The primordia of the integuments appear early with the 
formation of the megaspore mother cell. Up to the time of mega- 
spore formation the outer massive integument, formed of five or six 
layers of cells, is larger than the inner integument which is thin and 
two-layered (Fig. 1). Subsequently the latter shows more vigorous 


STUDIES IN CUCUMIS MELO L. VAR. PUBESCENS 73 


growth, so that in ovules, which show a two-nucleate embryo-sac, 
the inner integument is found to have reached almost the same level 
as the outer (Fig. 2). 


The nucellus, which has a broad tip in earlier stages, begins to 
grow into a beak-shaped structure after the formation of megaspores. 
During its elongation, it presses the inner integument and reaches the 
tip of the long micropyle (Fig. 3). During fertilisation, the pollen tube 
in growing down the micropyle, crushes the cells in its path (Fig. 4). 
The presence of such nucellar beaks has been reported also in several 
other members of Cucurbitacee (Kirkwood, 1904), as well as in 
Salicacee, Nyctaginacee, Euphorbiacee, Polygonacee (Maheshwari, 
1950); and Malpighiacee (Rao, 1940). 


Megasporogenesis.—The nucellus shows a single hypodermal arche- 
sporium (Fig. 5), which divides periclinally into a primary parietal 
cell and the megaspore mother cell. The former divides periclinally 
(Fig. 6), followed by anticlinal and periclinal divisions, forming several 
layers of wall cells above the megaspore mother cell (Fig. 7). 


The megaspore mother cell elongates considerably; small vacuoles 
appear in its cytoplasm and the cell undergoes the usual heterotypic 
division (Figs. 8, 9, 10). Following the reduction division a wall is 
laid down between the two daughter nuclei, forming a dyad whose 
micropylar cell is usually slightly smaller than the chalazal (Fig. 11). 
The homotypic division quickly follows, but the mitosis in both dyad 
cells does not proceed at the same rate, being delayed in the micro- 
pylar dyad (Fig. 12) which in most cases does not divide at all but soon 
degenerates (Fig. 13). The resulting nuclei are separated by walls 
and form a linear row of either three cells of which the upper is the 
degenerating dyad cell, or of four megaspores (Fig. 14). The former 
condition appears to be quite frequent in Cucurbitacee. Kirkwood 
(1904) has reported that in Citrullus the micropylar dyad cell divides 
much later, while in Luffa and Trichosanthes it degenerates without 
division. In Apodanthera, Bryonopsis, Cucumis myriocarpus, Cucurbita 
and Feyvillea, he mentions the presence of four megaspores, whereas 
he is not clear about Benincasa, Coccinia, Melothria, Micrampelis and 
Sicyos. 


Embryo-sac.—The chalazal megaspore always functions (Figs. 15, 
16). Its nucleus divides thrice (Figs. 17, 18, 19) to give rise to an 8- 
nucleate embryo-sac. The mature embryo-sac is 7-celled. The egg 
is pear-shaped with a vacuole at its tip and nucleus slightly above its 
basal end. The synergids are also pear-shaped and egg-like. The 
antipodal cells are well organised and persist till fertilisation. The 
two polars lie towards the upper part of the embryo-sac closely ad- 
pressed to each other. 


Fertilisation—The pollen tube enters the ovule through the micro- 
pyle and destroys one of the synergids during its entry into the embryo- 
. sac (Fig 20). Of the two sperm nuclei, the one that comes out of the 
pollen tube first reaches the polar nuclei earlier and lies near them, 
while the second sperm nucleus still remains in the pollen tube near its 
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tip. The pollen tube persists after fertilisation (Figs. 4 Pf, 21 Pr), and 
also during the early stages of seed development. 


Fics. 1-20. Cucumis melo var. pubescens. Fig. 1.. L.S. ovule at the mega- 
spore tetrad stage, x115. Fig. 2. L.S. ovule at the bi-nucleate embryo-sac st age, 
115. Fig. 3. L.S. ovule at the mature embrvo-sac stage; note the nucel\ar 
beak which reaches the tip of the micropyle, x115. Fig. 4. L.S. ovule at the 
time of fertilisation; note the massive pollen tube in the nucellus and entering 
the embryo-sac, 22. Fig. 5. Hypodermal female archesporium, 595. Fig. 6. 
Megaspore mother ce!l with parietal cells, 315. Figs. 8,9, 10. Megaspore 
mother cells showing various stages of heterotypic division, 450. Fig. 11. 
Dyad, x450. Fig. 12. Division of dyad cells; rote it is comparatively delayed 
in the micropylar cell, 450. Fig. 13. A row of three cells formed of micro- 
pylar degenerating dyad cell and two megaspores, 315. Fig. 14. Linear 
tetrad of megaspores, 450. Figs. 15, 16. Functional chalazal megaspores, © 
450, Figs. 17, 18,19. Bi-nucleate, four-nvcleate ard eight-nucleate embryo-sacs. 


x 514. rig. 20. Embryo-sac at the time of fertilisation, 514. ( Pt, persistent 
pollen tube 
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Endosperm.—The primary endosperm nucleus. undergoes free 
nuclear divisions to produce a large number of nuclei scattered along 
the periphery of the embryo-sac, which shows considerable elongation 
after fertilisation (Fig. 22). Soon the micropylar third of the embryo- 
sac broadens laterally and becomes vesicular, while its lower part 
remains narrow and continues to elongate further, appearing as a tubular 
process, described as the chalazal endosperm haustorium (Fig. 23). 


Wall formation starts in the vesicular part and progresses from 
apex downwards (Fig. 24). It is restricted only to the vesicular part 
of the embryo-sac (Fig. 25). The haustorium shows dense cytoplasm 
with many free nuclei and oil droplets in some cases. It remains coeno- 
cytic throughout its life and takes up a straight course in the nucellar 
tissue. In one case the tip of the chalazal haustorium was observed 
to be inflated and possessed of short processes (Fig. 26). In older 
Stages the haustorium possesses a large number of oil globules only, 
its nuclei and cytoplasm all having disappeared. 


The vesicular part of the endosperm increases greatly in size. Its 
_ marginal cells at the chalazal end bulge out, their nuclei also show 
hypertrophy. Bulging of the marginal cells of the endosperm in some 
members of Cucurbitacee is also reported by Chopra (1953, 1954). 


__ Finally the whole of the endosperm is consumed by the develop- 
ing embryo. The cotyledons occupy the whole of the seed cavity. 


Embryo.—The first division of the zygote is by a transverse wall, 
to produce an apical cell ca and a basal cell cb (Fig. 27). Both ca 
and cb divide by transverse walls forming /, /', m and ci (Fig. 28). 
Further divisions in / and /’ take place by vertical walls, but they are 
not simultaneous. In some cases / divides earlier (Fig. 29), while in 
others /’ (Fig. 30). The cell ci divides by a transverse wall into n and n’ 
(Fig. 31). The derivatives of / and /’ undergo further divisions and 
result in the formation of a twenty-celled embryo (Fig. 32). By this 
time the cell m also undergoes divisions, the first of which is vertical, 
sometimes this division is deferred to a later stage (Fig. 33) taking 
place only when the embryo has become many-celled (Fig. 34). Further 
divisions in the derivatives of m are in various planes. There is no 
further division of n and n’ which thus form a short two-celled suspensor. 


The derivatives formed from / and /’ divide in various planes form- 
ing a pyriform mass which later becomes cordate (Fig. 35) and result 
in the formation of initials for the cotyledons laterally at the base. 
They grow vigorously into two massive cotyledons. The mature embryo 
is straight and has ashort two-celled suspensor (Fig. 36). Johansen 
(1950) has reported that the suspensor is ephemeral. Whole mounts 
of the mature embryo clearly revealed the presence of the suspensor 
which could not be always observed in sections. 


The early development of the embryo in Cucumis melo var. pube- 
scens thus follows the Solanad type, Nicotiana variation. 


Nucellar embryo.—In the material studied by me some ovules 
possessed more than one embryo. Thus, Fig. 37 shows a bicelled and 
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36 


Fics. 21-39. Cucumis melo var. pubescens. Fig. 21.. Embryo-sac after fertili- 
sation showing zygote, primary endosperm nucleus and the persistent pollen tube, 
x 422.5. Fig. 22. Whole mount of the endosperm with many free nuclei, 115. 
Fig. 23. Whole mount of the endosperm showing fersistent pollen tube; note 
the endosperm is divided into micropylar vesicular part and the chalazal cecum, 
«115. Fig. 24. Whole mcunt of the erdosperm, showing wall formation in the 
vesicular part, 22. Fig. 25. Whole mount of the endosperm; note the vesicular 
cellular part and the coenocytic chalazal haustorium, 22. Fig. 26. Whole 
mount of the endosperm; note the inflated tip of the chalazal haustorium with 


short processes, 22, Figs. 27-36. Stages in the development of embryo; for . 


explanation see text. Figs. 27-32, «422.5, Figs. 33, 34, x281, Fig. 35, x 115, Fig. 36, 
x22. Fig. 37. Two embryos in an ovule, one cf which has probably developed 
from the nucellar cell, x422.5. Fig. 38. A bicelled and an enlarged nucellar cell 
probably the embryo initial, x422.5. Fig. 39. L.S. embryo-sac showing endo- 
sperm and degenerating embryo, x422.5. (Pt, persistent pollen tube; s, suspensor), 


ae oa! 
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a many-celled embryo in an ovule with a single embryo-sac. One of 
these embryos is very likely apomictic. None of the older ovules, 
however, was found to possess more than one embryo. The apomictic 
embryos described in the above cases appear to develop from the 
nucellar cells. Fig. 38 shows a bicelled embryo and an enlarged 
nucellar cell with dense cytoplasm and bigger nucleus. This cell is 
probably an embryo initial which has developed apomictically. Apo- 
mixis is also reported in Bryonia, and in some forms of Cucurbita and 
Cucumis (Schnarf, 1931). 


Sterility of the ovule.—It is interesting to find that all the ovules 
in a fruit do not develop to maturity; particularly those at the two 
ends of the fruit are usually sterile. It has been observed that the 
development of the embryo and the endosperm starts normally in all 
the ovules. Later on, in some cases, the embryo shows degeneration 
while theendosperm continues to develop normally (Fig.39). In one 
case an ovule with well-developed endosperm had no embryo (Fig. 23). 
This ovule as well as others with degenerating embryo clearly reveal 
that the cause of sterility is generally due to the degeneration of the 
embryo and not always to the lack of fertilisation. 


SUMMARY 


The tricarpellary ovary bears numerous anatropous ovules on 
twice bifurcated tips of three parietal placente. 


Single hypodermal archesporium, after cutting off a wall cell, 
functions as the megaspore mother cell. 


Of the two dyad cells the micropylar one does not divide usually, 
resulting in a row of three cells of which the chalazal two are mega- 
spores. 


The chalazal megaspore develops to form an eight-nucleate embryo- 
sac.” 


The nucellus grows into a beak-shaped structure, which projects 
into the long micropyle. The pollen tube crushes the cells of the nucellus 
coming in its way, during its entry into the ovule. The pollen tube enters 
the embryo-sac after crushing one of the synergids and persists even 
after fertilisation. ; 


The endosperm is free nuclear, and consists of a vesicular part 
and a chalazal cecum, the chalazal haustorium. Wall formation 
is restricted to the vesicular part only. The chalazal haustorium 
remains coenocytic throughout its life. Finally the whole of the endo- 
sperm is consumed by the developing embryo. 


The early stages of embryo development follow Solanad type, 
showing Nicotiana variation. 


In some cases two embryos have been observed in a single ovule, 
one of which seems to be a nucellar embryo. 


The cause of sterility of the ovules is generally the degeneration 
of the embryo and not always due to the lack of fertilisation. 
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THE genus Musa affords interesting study to a systematic botanist; 
even more so does a section of the genus, namely ‘Eumusa’, which 
comprises the species from which the edible bananas (or plantains) 
are supposed to have been derived. The genus has received considerable 
attention and its taxonomy has been revised recently. The classification 
and nomenclature of the bananas, on the other hand, still remain 
unsatisfactory. 


The edible Musas have been generally classed either as ‘plantain’ 
or ‘banana’, depending on the edibility and palatability of the fruit. 
Those eaten raw are called ‘bananas’ and those used after cooking 
are known as ‘plantains’, the distinctions varying in different regions. 
They have even gained specific status from some botanists. The dis- 
tinctions may have a genetic basis, but they are largely varietal rather 
than specific. Differentiation of species on this basis is botanically 
unsound and for the sake of convenience it is probably well to retain 
the term ‘banana’ as representing all varieties. 


Latin binominals have been indiscriminately applied to cultivated 
varieties and their misuse has done much to confuse the study of the 
bananas and of the genus Musa as a whole. Three binominals which 
have greatly influenced the nomenclature are Musa paradisiaca L., 
M. sapientum L., and M. cavendishii Lamb. The third combination 
has no botanical justification, for dwarfness of habit alone, which is 
the chief distinguishing feature in this case, is no criterion for specific 
distinction (Cheesman, Wardlaw and Spencer, 1933). Therefore, 
the nomenclature of the bananas centres on the two Linnean epithets 
which have led to some confusion. The identity of M. paradisiaca 
is clear and as the type can be fixed, it has never been seriously disputed. 
On the other hand, the type of M. sapientum is difficult to fix and it is 
not clear what Linnaeus had in mind when he described this species. 
However, one thing certain about it is that it is distinct from M. para- 
disiaca and not closely linked with it. Recent studies favour strongly 
the view that it is an interspecific hybrid (Cheesman in ‘Dodds and 
Simmonds, 1948’). 

Perhaps because of close resemblances between some varieties, 
a few botanists have been tempted to consider all bananas as belonging 
to a single species. Baker (1893) used the combination M. sapientum 
subsp. paradisiaca and Schumann (1 900). preferred M. paradisiaca 
subsp. sapientum. The first combination violates a rule of botanical 
nomenclature, as M. paradisiaca is an older name and has, therefore, 
priority over M. sapientum. The second combination is taxonomically 
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unsound, for M.sapientum cannot properly be regarded as a sub- 
species of M. paradisiaca. According to Jacob (1952) the two dis- 
tinct Linnean species are one and the same and all bananas are varieties 
of a single species, as the different varieties and forms of the edible 
bananas are all triploids (2n = 33). It is, indeed, necessary to point 
out at this stage that all edible bananas are not necessarily triploids and 
that some are actually diploids (Dodds, 1943, 1946; Govindaswami, 
1950). Jacob (1934) first grouped all the South Indian bananas under 
M. paradisiaca, but has later coined a new name M. sapidisiaca K. C. 
Jacob, by combining the first part of sapientum and the latter part of 
paradisiaca. This combination is not allowed under the International 
Rules of Botanical Nomenclature and it is, therefore, unacceptable. 
It is an unorthodox step which not only adds to the existing confusion 
in the nomenclature of the banana, but also affects the taxonomy of 
the genus itself to some extent. If, indeed, he finds it necessary to regard 
all edible bananas as varieties. of one species, he must then call it M. para- 
disiaca LL, As Cheesman has pointed out before (Dodds and Simmonds, 
1948), if we are sure of the derivation of the cultivated M. paradisiaca 
from the wild M. acuminata we ought in strictness to apply the older 
name even to the wild plant. 


Considering all varieties as members of a single species is one 
view of the matter, but recognition of a bispecific or diverse origin of 
many of the edible clones is another. Kurz (1866) was probably the 
first to consider that cultivated bananas belong to several botanically 
different species, but this view was not followed for a long time.. Later 
work on the taxonomy and cytogenetics of the genus (Cheesman, 1947, 
1948; Dodds and Simmonds, 1948) has thrown much light on the 
relationship between different wild species and cultivated varieties and 
lent support to the diverse origin of the banana. 


All bananas were considered in the past to be closely related, but 
the occurrence of parthenocarpy in M. fehi Bert. (section ‘Australimusa’) 
had to some extent obscured the position. The edible Musas actually 
appear to fall into four groups, one of which comprises the ‘fehis’ of 
the Pacific Islands, which are distinct from the bananas commonly 
cultivated in the tropics. They are seldom cultivated and are not 
regarded as true bananas. The cultivated varieties, therefore, may be 
placed in three groups which can be associated with two ‘Eumusa’ 
species, M. acuminata Colla, and M. balbisiana Cella, having a very 
wide geographic distribution. One group comprises varieties showing 
predominantly the characters of the former species and probably derived 
from it, and the second contains those showing the characters of the 
latter species. The varieties falling in the third group cannot be 
directly referred to either of the species, as they exhibit a blend of 
characters of both suggesting a hybrid origin. Hybridisation between 
these species and synthesis, from the interspecific cross, of an edible 
banana closely resembling a cultivated variety (Dodds and Simmonds 
1948) supports the hypothesis that at least some bananas are hybrids. 


Cheesman (1948) interprets M. paradisiaca as a member of the 
first group showing the botanical characters of M. acuminata which 
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is considered as its most probable ‘wild’ form, and M. sapientum as a 
member of the third group with a blend of characters from the two 
‘Eumusa’ species. The second group, to which none of the Linnean 
names can be applied, appears to have been derived from M. balbisiana. 
The three groups can be recognised on the basis of certain characters, 
but it is indeed difficult to define them with exactness. This is more 
so in respect of the third group. A few points of distinction between 
the first two groups are as follows:— 

re Senne = wer terest Shara AR? PK 327i 


Acuminata (or Paradisiaca) Balbisiana assemblage 


assemblage 


flattened. 


1. Pseudostems generally slender. Pseudostems robust. 

2. Presence of chocolate-brown Not recorded in this group. 
blotches on the leaves on 
young suckers (not always). 

3. Margins of petioles often red- Margins of petioles green or 
bordered and usually erect black-bordered and _ usually 
or spreading; at base where incurved, almost closing over 
petiole passes into the leaf- the channel; at base they 
sheath they usually become clasp the pseudostem very 
scarious; if they remain alive, closely and do not become 
they may be slightly bent scarious. 
out away from the pseudo- 
stem. 

4. Peduncle most commonly Peduncle glabrous. 
pubescent. 

5. Male bud in advanced bloom- Ovate or lanceolate. 
ing tends to be top-shaped 
and acute. 

6. Bract often, though not al- Nearly. always imbricate. 
ways, convolute. 

7. Bracts generally lift one at a Two or more at a time. 
time. 

8. Bract colour: usually red- Generally bluish purple; uniform 

. dish purple, though bluish- dark crimson to the base on 
purple is not uncommon; the inner side. 
nearly always paler at the 
base on the inner side. 

9. Fruit usually long and slender; Generally broader in proportion 
mature fruit nearly always to the length. Geotropic res- 
curved. ponse confined to the pedicel; 

the body of the mature fruit 
is straight. 

10. Seed, when present, strongly Almost rounded. 


» 
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It must be borne in mind, however, that these differences “are merely 
those small ones that go to make up facies, and when each is examined 
singly it is found unreliable for universal diagnosis’. 


On the basis of the botanical characters, our bananas too may be 
placed under one or the other of the abovementioned three groups. 
The varieties Moongil and Nendran are easily accommodated in 
M. paradisiaca, and such varieties as Peyan, Pey Ladan, Ney Mannan 
and Rasthali exhibit some of the characters of M. balbisiana; they 
may either bear a close relationship to this species or be of a hybrid 
nature, with this fertile species as one of the parents (Venkataramani, 
1948, 1950). The two ‘Eumusa’ species which figure prominently in 
the origin of the edible banana are also known to occur in this country. 
M. balbisiana has not been recorded as such for a very long time in 
Indian literature on Musa but has been described and wrongly ranked 
as M. sapientum (Roxburgh, 1832), that mythical species which is “‘the 
most confounded and confusing combination in the whole literature 
of Musa’. It is found in various parts of Southern India, though not 
in a truly wild form (Venkataramani, 1949). M. acuminata has not 
been reported so far from this part of the country. The author, how- 
ever, has now observed a fertile species growing wild in the jungles of 
the Nilgiri-Wynaad and answering to the general description of M. acu- 
minata. In essential characters, Jacob’s (1952) new species, M. kat- 
tuvazhana K. C. Jacob, a diploid (2n = 22) member of the ‘Eumusa’ 
section, appears to agree with M. acuminata. The author has not 
compared the Nilgiri-Wynaad plant with Jacob’s type specimen, but 
on the basis of the latter’s description and illustration he is tempted 
to consider M.kattuvazhana to be the same as M. acuminata. If, 
indeed, M. kattuvazhana is the only indigenous seeded species growing 
wild in the Western Ghats of the Madras State (Jacob, 1952), it may 
well be a form of M. acuminata which surpasses all other ‘Eumusa’ 
species in its variability. The occurrence of M. banksii F. Muell., 
which is very closely related to M. acuminata, in this part of the coun- 
try (Gopalan Nayar, 1952) is also of added importance in this connec- 
tion. Interspecific hybridisation between M. coccinea Andr. (section 
‘Callimusa’) and a cultivated variety, Monthan, belonging to the 
section ‘Eumusa’ and artificial production of a useful hybrid have been 
recently reported from the Central Banana Research Station at Aduthurai 
(Gopalan Nayar, 1953). The possibility of interspecific hybridisation, 
not only between members of ‘Eumusa’ section but also between 
members of the different sections of the genus, and evolution of edible 
clones therefrom cannot, therefore, be easily ignored. All these 
observations make it rather difficult to refer all edible bananas to a 
single species as has been done by some botanists. Jacob (1952) too 
seems to be inclined towards the bispecific origin of the Indian varieties, 
for he writes: “The existence of seeded varieties such as Kattuvazha 
(Musa kattuvazhana K. C. Jacob sp. nov.) which occurs wild in the ever- 
green forests of the Western Ghats of the Madras Province and Ela- 
vazhai (Musa balbisiana Colla) which according to Roxburgh also occurs 
wild in the forests of Chittagong, lends Support to the view that India 
is the ancestral home of the banana. There are reasons to believe that 
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the existing cultivated varieties have sprung from this stock by selection 
(Italics mine, K. S. V.).” 


The classification of the edible varieties is a problem by itself and 
differs from the general taxonomy of the genus. It needs a different 
technique for its solution, namely a detailed description of the vegeta- 
tive and fruit characters for readily distinguishing the well-known varie- 
ties (Venkataramani, 1946). The object of classification of horticul- 
tural varieties should be to bring together all those varieties which 
have important characteristics in common and this means that a com- 
plete description of every variety is a necessity. Jacob’s (1952) exhaus- 
tive descriptions of the Madras bananas have eminently fulfilled the 
purpose and, together with the illustrations, they will no doubt have a 
wide value. It is needless to add that such detailed descriptions, sup- 
plemented with carefully chosen drawings and photographs, serve to 
illustrate the limits of the different groups of the banana complex. 


SUMMARY 


This article summarises the present position regarding the 
classification and nomenclature of the bananas. It is shown that a 
grouping of all banana varieties into a single species is not deisrable, 
especially when there are sufficient grounds to warrant a bispecific or 
diverse origin of the edible clones. 
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SOME SLIME-MOULDS FROM SOUTHERN 
INDIA—III 


By V. AGNIHOTHRUDU 
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8. Physarum cinereum Persoon in Reemer, N. Mag. Bot., 1794, i, p. 893 
Saccardo, Syll. Fung., 1889, 7, p. 344; as P. plumbeum Fries; 
Macbride, The North American Slime-Moulds, 1899, p. 35; 
as P. cinereum (Batsch) Persoon; Macbride, The North American 
Slime-Moulds, New ed., 1922, pp. 59-61; as P. cinereum Per- 
soon; Lister, A Monograph of the Mycetozoa, 3rd _ Ed., 1925, 
p. 53; Lodhi, S. A., Indian Slime-Moulds, Publ. of the Univ. 
of the Punjab, 1934, p. 4. 


Plasmodium not observed. Fruit bodies occurring abundantly on 
lawn grasses and decaying sod immediately after the rains. Sporangia 


2004 


Fic. 1. Physarum cinereum Persoon. A-D. Sporangial aggregates: A. on the 
leaves of Acclypha sp. B. on the leaves of Tribulus terrestris. C. on a decaying 
twig. D. on an unidentified grass leaf. E. Individual sporangia and plasmodiocarps 
showing irregular dehiscence. F. Piled up sporangial aggregate. G. Capillitial 
threads and lime knots. H. Spores. 
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sessile, globose to sub-globose, separate or densely aggregated or piled 
up, often forming plasmodiocarps, usually 500-1500 » long, 200-600 pu 
in diameter. Plasmodiocarps unbranched in all specimens examined, 
ashen grey, more or less rough; peridium simple, thin, densely charged 
with lime granules. Sporangia dehisce irregularly exposing the spore 
mass. Capillitium well-developed, consisting of hyaline _ threads 
branching at acute angles and anastomosing with large white irregular 
lime knots varying greatly in size and shape. In older sporangia the 
capillitial network with the lime knots is distinctly visible after the spore 
dispersal. Spore mass fuliginous; spores clear, violaceo-fuscous, ver- 
rucose in some collections, distinctly spinulose in others, measuring 
on an average 9:2, range 8-0-10-Ou, mostly 9-6p. 


On leaves of Acalypha sp. and Mollugo hirta Thumb., University 
Botany Field Laboratory campus, Agri-horticultural Gardens, Madras, 
Collected on 10-8-1954 and 18-8-1954 respectively (Herb. M.U.B.L. 
Nos. 1181 and 1182). On an unidentified grass, University Botany 
Laboratory campus, Madras, 10-8-1954 (Herb. M.U.B.L. No. 1183); 
on leaves of Mollugo lotoides O. Kze., Marina, Madras, 15-8—1954 
(Herb. M.U.B.L. No. 1184); on leaves of Tribulus terrestris L., Ayana- 
varam, Madras, 18-8-1954 (Herb. M.U.B.L. No. 1185). All the 
collections were made by V. Agnihothrudu. 


9. Physarum virescens Ditmar in Sturm Deutsch Fl. Pilze, 1817, 1, 
p. 123; Macbride, The North American Slime-Moulds, New ed., 
1922, pp. 61-62; Lister, A. Monograph of the Mycetozoa, 3rd. ed., 
1925, pp. 64-65. 


Plasmodium not observed. Sporangia abundant, sessile, globose 
to sub-globose or irregularly ovoid, rarely plasmodiocarpous, measur- 
ing 250-750, long, 200-400, in diameter. Sporangia scattered or 
closely aggregated or heaped up, smooth to rough, yellow or yellowish- 
green in colour. Peridium thin, brittle, impregnated with clusters of 
bright yellow granules which impart the colour to the sporangium. 
Peridium dehiscing irregularly and dropping off in flecks exposing the 
spore mass. In glycerine or lactophenol mounts the peridial wall shows 
certain discoid crystalline bodies measuring 8-0-22-8, in diameter. 
Capillitial threads well-developed consisting of a dense reticulum of 
hyaline threads connecting large irregular lime knots that are pale 
yellow in colour. Columella absent. Spores fuscous brown in mass, 
violet brown individually, minutely spinulose, measuring on an average 
8:7, range 7:2-10-4u, mostly 9:2, 


_ On dead cladodes of Parkinsonia aculeata L. and leaves of 
Bignonia unguis-cati L., Agri-Horticultural Gardens, Madras, collected 
on 15-8-1954 and 20-8-1954 respectively (Herb. M.U.B.L., Nos. 1186 
and 1187). On dead twigs of an unidentified plant, Presidency College 
campus, Madras, 22-8-1954 (Herb. M.U.B.L. No. 1188). 


All the collections were made by V. Agnihothrudu. 
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Fic. 2. Physarum virescens Ditmar. A. Sporangial aggregate on a dead twig. 
B. Plasmodiocarp. C, D and E. Individual sporangia. I~ Sporangia showing 
the irregular dehiscence of the peridium. G. Part of the peridial wall with discoid, 
crystalline inclusions. H. Capillitial threads and lime knots. I. Mature and 
immature spores. 


10. Psysarum serpula, Morgan in J. Cin. Soc. nat. Hist., 1896, 19, 
p. 29; as Badhamia decipiens Berk., Lister, Mycetozoa, 1894, 
p. 33; as Physarum serpula Morg., Macbride, The North 
American Slime-Moulds, 1922, New ed., p. 29; Lister, J. Bot., 
1898, 36, p. 116; Lister, A Monograph of the Mycetozoa, 3rd 
ed., 1925, pp. 59-60. 


Plasmodium not observed. Plasmodiocarpous forms, very rarely 
discrete sporangia were observed. Plasmodiocarps 0-5-4:0 mm. long, 
simple, straight, flexuous or reticulate, terete in cross-section, 200-350 y 
in diameter, pale yellowish-green with rough surface; peridium thin, 
impregnated with lime, lime granules densely aggregated into groups 
and distributed all over the peridium. Peridium breaking irregularly 
exposing the spore mass. In older sporangia the peridium is per- 
sistent along the margin of the hypothallus. Capillitium scantily deve- 
loped consisting predominantly of large angular polygonal branching 
lime knots, yellow in colour, connected by few hyaline capillitial threads. 
Spore mass ferruginous; spores purple brown, spherical, distinctly spinu- 
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lose, with a pale germinal area which is comparatively smoother, average 
diameter 11-2, range 10-2-12-8p, mostly 11-84. 


Fic. 3. Physarum serpula Morgan. A. Plasmodiocarps on an _ unidentified 
twig. B. Plasmodiocarps on the leaf of Bignonia unguis-cati. C,. Plasmodiocarp 
showing irregular dehiscence of the peridium and the large lime knots. 
D. Capillitial threads anastomosing with large irregular lime knots, E. Spores, 


On dead unidentified leaves, Queen Mary’s College campus, Marina, 
Madras, 15-8—-1954 (Herb. M.U.B.L. No. 1189); on dead twigs of 
Bignonia unguis-cati L., Agri-Horticultural Gardens, Madras, 17—8-1954; 
(Herb. M.U.B.L. No. 1190); on decaying straw mat, Villivakkam, 
20-8-1954 (Herb. M.U.B.L. No. 1191); on an unidentified decaying 
twig, Ayanavaram, Madras, 15-10-1954 (Herb. M.U.B.L., No. 1192). 


All the collections were made by V. Agnihothrudu. 


11. Physarum echinosporum Lister in J. Bot., 1899, 37, p. 147; Schinz. 
Myxogastres in Rabenhorst’s Kryptogamen Flora, Abt., 10, 
p. 147; Macbride, The North American Slime-Moulds, New ed., 
1922, p. 101 (as an extra-limital species); Lister, A Monograph 
of the Mycetozoa, 3rd ed., 1925, p. 57. 


_ Plasmodium not observed. Sporangia sessile, scattered, chalk- 
white in colour, simple, straight or highly flexuous, laterally strongly 
compressed with a much obliterated knife-like edge. Plasmodiocarps 
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0-5-3-0 mm. long, up to 600 in height, measuring 50-1001 in thick- 
ness. Peridium distinctly consisting of two layers, an outer chalk-white 
layer charged with closely packed minute lime granules separating 


Fic. 4. Physarum echinosporum Lister. A. On an unidentified decaying twig. 
B. Plasmodiocarps or a dead leaf of Terminalia arjuna. C. A single plasmodiocarp. 
D. A flexuous plasmodiocarp showing marginal dehiscence of peridium. E. A 
short palsmodiocarp showing the outcr and inner peridial walls and the spore mass. 
F. Capillitial threads and lime knots. G. Spores. 


from a thin irridiscent pale purplish evanescent layer which is not dis- 
cernible in older plasmodiocarps. Dehiscence is usually along the 
narrow edge but not infrequently flecks of peridial wall are seen detached 
from the vertical walls of the plasmodiocarps. Capillitium well-deve- 
loped, consisting of short, thin, hyaline threads connecting white irregular 
variously shaped lime knots composed of heavily compacted minute 
lime granules, highly variable in shape and size. Spores smoky brown 
in mass, purplish individually, spherical, distinctly spinulose with promi- 
nently developed ridges average 7:9 uw, range 7-8-8-6, mostly 8:0 p. 


On decaying vegetable debris on a glass plate and decaying flowers 
of Mimusops elengi L., Agri-Horticultural Gardens, collected on 
15-8-1954 and 15-10-1954 respectively (Herb, M.U.B.L. Nos. 1193 
and 1194). On leaves of an unidentified grass, Ayanavaram, 
Madras, 15-8-1954 (Herb. M.U.B.L. No. 1195); on decomposing 
leaves of Terminalia arjuna Wt. and Arn., My Ladye’s Garden, Madras, 
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20-8-1954 (Herb. M.U.B.L. No. 1196); on decaying leaves of 
Adenanthera pavonina L., Christian College campus, Tambaram, Madras, 
20-8-1954 (Herb. M.U.B.L. No. 1197); on an unidentified legume 
pod, Queen Mary’s College campus, Marina, Madras, 22-10-1954 
(Herb. M.U.B.L. No. 1198); on flowers and seeds of Tridax procumbens 
L., University Botany Laboratory campus, Madras, 28-10-1954 (Herb. 
M.U.B.L. No. 1199). 


All the collections were made by V. Agnihothrudu. 


12. Physarum bitectum Lister in Mycetozoa, ed. 2, 1911, p. 78; as 
P. diderma Lister, non Rostafinski, J. Bot., 1892, 29, pp. 260-61; 
as P. hitectum Lister, Macbride, The North American Slime- 
Moulds, New ed., 1922, pp. 53-54; Lister, A Monograph of 
the Mycetozoa, 3rd ed., 1925, p. 59; Schinz, Myxogastres in 
Rabenhorst’s Kryptogamen Flora, Abt., 10, p. 144; Lodhi, S. A., 
Indian Slime-Moulds, Publ. of the Univ. of the Punjab, 1935, p. 7. 


Plasmodium not observed. Sporangia plasmodiocarpous or fre- 
quently separate simple, scattered, sessile, globose to sub-globose. 


Fic. 5. Physarum bitectum Lister. A. S i i 
; . L i - Sporangia and plasmo 
oe twig of Terminalia paniculata. B. On the ring-bark of Calaistbeoeoetak: 
: ens plasmodiocarp. D. An individual sporangium, EB, A dehisced 
james Be eeaanies A euiet and an inner peridium. F. An individual 
pis’ dahticed fener et feels 
thfendy and ties Laote Hie aoe “ae and outer peridial walls. G. Capillitial 
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Plasmodiocarps measuring 1-0-5:0mm. long, 400-800, in diameter, 
straight or curved or flexuous or sinuous, terete in cross-section or com- 
pressed laterally, smooth, white. Peridial wall consisting distinctly 
of two layers, an outer smooth, white, fragile layer densely impregnated 
with white lime granules separating in an egg-shell-like fashion. Peri- 
dium opening fragmentally at the top exposing the thin smooth pale 
purplish inner peridium which is more persistent in this species unlike 
Physarum echinosporum Lister. The outer peridial wall at length 
becomes widely gaping, deciduous at the top but recurved and persistent 
below. Capillitium consisting of irregularly reticulate hyaline threads 
anastomosing with flat, irregular smooth or polygonal calcareous knots, 
highly variable in size and shape. Spores purple-black in mass, dark 
brownish purple individually, spherical, distinctly spinulose, average 
11-:3p, range 9-6-12:2u, mostly 11-6. 


On decaying leaves of Terminalia paniculata Roth., on flowers of 
Adenanthera pavonina L. and on ring-bark of Callistemmon sp. Agri- 
Horticultural Gardens, collected on 25-8-1954, 10-9-1954 and 
15-10-1954 respectively (Herb. M.U.B.L. Nos. 1200, 1201 and 1202); 
on unidentified leaves, University Botany Laboratory campus, Madras, 
30-8-1954 (Herb. M.U.B.L. No. 1203) on incubated roots of pigeon- 
pea [Cajanus cajan (L.) Millsp], University Botany Field Laboratory, 
Madras, 2-9-1954 (Herb. M.U.B.L., No. 1204). 


All the collections were made by V. Agnihothrudu. 
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INTRODUCTION 


Erysiphe acacia Blumer occurs plentifully on the pods of Acacia catechu 
near Poona from the later part of September to March. The perithecia 
appear by November. Together with the perithecia, conidia presum- 
ably assist in the perennation of the fungus. Perithecial development 
in E. acacia, rather rare in the tropical mildews, makes it a favourable 
material for the study of vexed problems of sexuality and nuclear pheno- 
mena in Ascomycetes. 


MATERIAL AND METHODS 


Small pieces of pods bearing perithecia in all stages of develop- 
ment (from faint yellow to black dots) were fixed in a variety of reagents 
of which Bouin’s fluid and weak chrome-acetic acid solution proved 
to be the best. For later stages, to overcome the difficulty of section- 
ing the hard pods, superficial fungus pads were scraped off and fixed. 
Material was collected and fixed at hourly intervals throughout day 
and night with a view to get the nuclear divisions and migrations. 
The material was embedded in paraffin by the usual methods. Sections 
of the young material were cut 10, thick to study the reproductive 
organs, but whole mounts were also employed in the study. The 
mature material of perithecia for cytological study was cut at a thick- 
ness of 5y. Flemming’s triple stain and Heidenhain’s iron-alum 
hematoxylin, with orange G as counter-stain, gave the best results as 
regards stains. 

OBSERVATIONS 


The cells of the mycelium are uninucleate, the nucleus possessing 
a protruding ‘“‘nucleole’. This nucleole probably acts as a loco- 
motary organ for the nucleus within the cell and also from one cell to 
another (Figs. 1, 2). Occasional findings of bi- and trinucleate cells 
may be the outcome of such migrations (Fig. 3). The functional value 
of these migrations is not clear. Allen (1936), however, observes that 


such vegetative cell fusions and nuclear transmissions give rise to peri- 
thecial initials. 


_ Uninucleate and stalked oogonia and antheridia (usually recog- 
nised by their size and shape) are produced at the end of hyphe or as 
specialised branches. The antheridium lies appressed to and finally 
more or less coils round the oogonium. Cases of antheridial nucleus 
lying close to its wall in contact with oogonium have been noted 
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(Figs. 4-9), but actual nuclear migration between the closely associated 
antheridium and oogonium has not been observed, though binucleate 
oogonia (ascogonia) and empty antheridia are of common 
occurrence (Fig. 10). About this stage of development, the protective 
hyphe arising from the stalk cells of antheridium and oogonium 
encircle the ascogonium completely (Figs. 11-13). Later on, the 
ascogonium becomes many celled. Each cell is uninucleate except 
the penultimate one which is binucleate (Figs. 14 and 15). A few 
observations suggest that the ascogenous hyphe probably originate 
from this binucleate penultimate cell. Later they branch irregularly, 
overlap, interweave and fill the central part of the 8-12-cells wide 
perithecium. Some of the cells of the ascogenous hyphe lying 
centrally degenerate. The space so created is slowly filled in by the 
inward protrusion of the ascogenous hyphe (Fig. 16). Together with 
many uninucleate cells of the ascogenous hyphe, bi- and occasionally 
trinucleate cells are also met with (Figs. 17 and 18). The binucleate 
cells (the two nuclei are presumably derived—one from the original 
antheridial nucleus and the other from the oogonial) are terminal or 
sub-terminal. They are mostly at the base of the perithecial cavity 
and develop into asci (Fig. 19). The ascus cell grows vertically into 
an oblong structure and the abruptly narrowed part of the base acts 
as a Stalk (Fig. 20). The spaces in-between the asci are filled in by 
hyphal cells rich in cytoplasmic contents. They are the so-called 
nurse cells, nourishing the developing asci (Fig. 21). The perithecium 
slowly loses its external smoothness; some of its outer cells put out 
small protuberances that commonly develop into uniseriate, multi- 
cellular appendages (Fig. 165). The inner perithecial wall layers 
become thick-walled and provide a protective structure to the peri- 
thecium. 


The two nuclei of the immature ascus, probably of opposite sex, 
are morphologically more or less similar. They individually possess 
a “central body’ (Harper, 1905) (Fig. 22) with attached chromatin 
strands. The pairing nuclei lie sideways in the broader upper part of 
the ascus (Fig. 23) with the same polarity regarding their nucleole and 
the central body. When these nuclei come in contact, the nuclear 
membranes start to disappear and the central bodies approach each 
other. The final result is the complete fusion of the corresponding 
parts of the two nuclei and the formation of the fusion or definitive 
nucleus in the ascus. The size of the definitive nucleus is about double 
the size of the nuclei before fusion (Figs. 25 and 26). 


After a time the fusion nucleus begins to undergo changes. The 
chromatin material spreads out to form a reticulum, the chromatin 
threads contract and recede towards the central body staging a synaptic 
phase (Figs. 27, 28). Again the threads spread out retaining their 
connection with the central body (Fig. 29). By this time the central 
body divides, the two parts move away from each other and an intra- 
nuclear spindle is formed between them (Fig. 30). 


Later on, the nucleolus and the nuclear membrane disappear. 
The aster rays are seen radiating from each pole of the spindle and the 
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Fics. 1-15. Fig. 1. Cell of vegetative mycelium showing the nucleus with 
protruding “‘nucleole”’. Figs. 2a—2c. Nuclear migrations in the vegetative hyphe. 
Fig. 3. a, Binucleate and 5, trinucleate cells, probably the result of nuclear 
migration. Figs. 4 & 5. Antheridium and oogonium arising from two different hyphe. 
Fig. 6. Sexual organs arising from ends of hyphe. a, Beginning of perithecial 
sheath at a very early stage. The antheridial nucleus apparently approaching the 
oogonial wall. Fig. 7. Sexual organs produced on lateral branch. Note stalk 
cells with dense cytoplasm and nucleus. Figs. 8&9. Antheridium coiling round 
the oogonium. Fig. 10. a, Empty antheridium. 6, Oogonium with two nuclei 
(ascogonium). Note difference in size between upper presumably antheridial 
nucleus and lower oogonial nucleus. Fig. 11. a, Empty antheridial cell. 6b. Oogo- 
nium with two nuclei (ascogonium), beginning of perithecial envelop. Fig. 12. 
Early stage of development of perithecium with two nuclei apparently fusing in 
ascogonium but probably only superposed. Fig. 13. Ascogonium binucleate, 
nearly completely enveloped by sheath cells. Figs. 14&15. Ascogonium three- 
celled in Fig. 14 and four-celled in Fig. 15. In both the penultimate cell is 
binucleate and shows a protuberance as if it is about to branch. 


chromatin material gets contracted into four chromosome bodies at 
the equator of the spindle (Figs. 31 and 32). From the history of the 
fusion nucleus it seems permissible to infer that each of these four 


Fics. 16a-16d. Progressive stages of degeneration of the ascogenous hyphe 
at the centre of the perithecial cavity. In Fig. 16d the inpushing cells are grow- 
ing vigorously into the space created by dead cells. In Fig. 16d, note appendage ‘x’, 
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Fics. 17-21. Fig. 17. Part of the wall of the perithecium, many binucleate 
flattened cells at the periphery. Fig. 18. a, A trinucleate cell, b, Ascus initial 
terminal. c, An ascus initial as a side branch of terminal hypha. Fig. 19. Ascus 
initial originating from a subterminal cell from a different perithecium to that 
figured in Fig. 18. Fig. 20. Part of the perithecium showing young asci with 
two nuclei and narrowed bases. Fig. 21. Vertical section of perithecium with 
“nurse cells’? surrounding asci with a fusion nucleus in each, 


chromosome bodies is a double structure, its components being derived 
from two fusing nuclei. They are to be looked upon, therefore, as 
gemini rather than chromosomes. These in anaphase separate into 
two groups of four chromosomes each, which travel to opposite poles. 
The haploid number of chromosomes is, therefore, four (Fig. 33). — 
In one or two cases where five or six such structures were noticed — 
(Figs. 34 and 35), the increased number must be explained by supposing 
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Fics. 22-36. Fig. 22. A young ascus with two nuclei. Note central body 


‘at ‘a’. Figs. 23-25. Stages in nuclear fusion in the ascus. Fig. 26. Fusion or 


definitive nucleus of the ascus. Fig. 27. Spireme stage of the first division of 


the fusion nucleus, Fig. 28. Fusion nucleus at synapsis stage. Fig. 29. Stage 


ee 


slightly later than that 4 in Fig. 28. Note chromatin strands connected with the 
central body. Fe a Binge in the first division of the fusion nucleus. 
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that one or two of the gemini in these cases have started separating 
into their component chromosomes. After the chromosomes have 
passed to the respective poles, the nuclear membrane (Fig. 36) and 
the nucleole make their appearance in the daughter nuclei (Fig. 37). 
The size of the daughter nuclei is approximately half that of the fusion 
nucleus. The two daughter nuclei begin to undergo division imme- 
diately and two spindles are formed with prominent polar asters 
(Fig. 38a). The chromosomes arrange themselves in an equatorial 
plate (Fig. 38 5). Four chromosomes can be counted at the equator. 
These split afterwards and four chromosomes pass to either pole 
from the equator (Fig. 39). This second division is obviously mitotic 
and equational (there having been four chromosomes in the parent 
nucleus). The chromosomes pass to the respective poles and four 
nuclei appear in the ascus (Fig. 40). These four nuclei in their turn 
undergo one more mitotic division. Figure 41 shows three spindles 
in one ascus. The fourth one is in another section of the same ascus. 
One of the spindles (Fig. 41 ‘x’) shows four chromosomes at the equa- 
torial plate stage. Figure 42 shows the third nuclear division in the 
ascus. Here the four chromosomes at the equator are seen to split 
and the four daughter chromosomes pass to either pole. Figure 43 
shows another case at a slightly later anaphase stage in which four 
daughter chromosomes can be clearly seen approaching one pole. 
The nuclear membrane is then formed round each daughter nucleus 
(Fig. 44). Eight daughter nuclei are thus produced by three succes- 
sive divisions of the original fusion or definitive nucleus of the ascus. 
These are the nuclei of the eight ascospores which are ultimately formed 
in each ascus. 


The formation of spores proceeds on the same lines as described 
for E.cichoracearum and E. communis by Harper (1905), and for 
E. aggregata by Wentzel (1929). 


In the culminating phases of the third division in the ascus, the 
polar asters are well marked and rays are seen radiating from the polar 
centres into the cytoplasm of the ascus. The chromosomes are massed 
together near the poles and a nuclear membrane is formed round them 
The part of the membrane towards the central ‘body is drawn out into 
a beak-like structure which remains attached ‘to the central body for 
sometime (Figs. 44 and 45). The aster rays proceeding from the 
central body now begin to envelop the nucleus (Fig. 46) and com- 
pletely enclose, in due course, by the formation of an enclosing mem- 
brane, ‘the spore-membrane (Fig. 47). During the formation of this 
membrane, the beak of the nuclear membrane is withdrawn from its 
polar attachment along with the central body and the nucleus comes 
to lie well inside the spore membrane (Fig. 48). 


In the ascospore, the nucleus regains its normal si 
a conspicuous nucleole and has a ear of its own. Tide teaticaes ify, 
possesses the central body which Harper describes as a common struc- 
ture to all the nuclei in the members of Erysiphacee. The chromati 
strands radiate from it and lie in the nuciear cavity (Fig. 49). In : 


mature ascus eight ascospores are f i 
monly ellipsoidal in fora: ormed (Fig. 50). They are com- 
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Fics. 37-50. Fig. 37. Two nuclei with nucleoles in the ascus. Fig. 38a. 
Second nuclear division in the ascus. Fig. 385. Spindle ‘x’ in Fig. 38 a, under 
high magnification. Fig. 39. Anaphase of second nuclear division in the ascus 
with four chromosomes separating to each pole. Fig. 40. Four nuclei in the 


-ascus. Fig. 41. Third nuclear division in the ascus. Four chromosomes can be 


counted at the equator in spindle ‘x’. Fig. 42. Early anaphase of the third 
nuclear division in the ascus. Three of the chromosomes have clearly split into 
pairs. Fig. 43. Later anaphase in the third nuclear division, four chromosomes 
approaching the one pole can be distinctly seen. Figs. 44-50. Stages in asco- 
spore formation. 
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DISCUSSION 


Tt will be seen from the historical accounts of the subject that the 
chief problems which the sexuality and the associated nuclear pheno- 
mena in Ascomycetes present for investigation are:— 


1. Are there or are there not definitely organised sexual organs ? 


2. If definitely organised sexual organs (antheridia and oogonia) 
can be recognised, are they functional or not? 


3. If functional antheridia and oogonia are present, does fusion 
of nuclei of opposite sexes take place in the oogonium, or 
in the ascus or in both ? 


4. If fusion of sexual nuclei does take place in the oogonium, 

is there or is there not a close pairing and conjugate divi- 
sion of male and female nuclei in the ascogenous hyphe 
originating from the oogonium ? 


5. If nuclear fusion occurs in the oogonium (nuclear fusion in 
the ascus being universal), is there any evidence, in the 
nuclear history, of a double reduction (brachymeiosis) 
of chromosomes ? 


The facts and views bearing on these questions in the Ascomycetes 
investigated show great diversity. Restricting ourselves in this dis- 
cussion to Erysiphacez, the writer’s findings in the present work on 
the above questions may now be stated and compared with those of 
others on members of the family Erysiphacee. 


The first three of the questions formulated above can be conveniently 
dealt with together. 


The writer has obtained abundant evidence of the existence of 
definitely organised sexual organs—antheridia and oogonia (Figs. 4-9). 
They can be easily recognised as distinct structures from the mycelial 
cells by their size, shape and their arising perpendicularly from the 
rest of the mycelium. This finding of the specialised sexual organs 
is in agreement with that of Harper (1896 and 1905) in E. communis 
Phyllactinia corylea and Spherotheca castagnei (quoted from Wentzel, 
1929); of Blackman and Fraser (1905) in S. humuli [according to Salmon 
(1900) S.humuli and S. castagnei are synonymous], and of Wentzel 
(1929) in EF. aggregata; but differs from that of de Bary, Dangeard 
(quoted from Wentzel, 1929) and Allen (1936). Although de Bary 
and Dangeard recognised distinctly organised antheridia and oogonia 
in S. castagnei, they regarded the antheridia as degenerating and non- 
functional. Winge (quoted from Gwynne-Vaughan, 1922) working 
with the same fungus also held the same view. Dangeard (quoted 
from -Swingl’s 1934 table) in his work on E. polygoni, Moreau and 
Moreau (quoted from Swingl’s 1934 table) in their work on S. humuli 
and Colson (1938) working on P. corylea held that the two nuclei 
seen in the oogonium at the beginning of the perithecial development 


originate both from the oogonium, the antheridi i ; 
non-functional. tum being inferentially 
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In the present investigation on E.acacie the intimate manner 
in which the antheridium and the oogonium are closely associated 
with each other makes it highly probable that they are functional. The 
frequent occurrence of an empty cell in close association with an 
oogonium with two nuclei as in Figs. 10 and 11 suggests that the nuclear 
passage does take place. A study of the previous literature shows 
that, with very few exceptions (Harper, 1896, 1905: Blackman and 
Fraser, 1905), the failure to observe actual stages of nuclear migration 
from the antheridium to the oogonium has been a very common expe- 
rience. 


de Bary (quoted from Wentzel, 1929) in his work on S. humuli 
observed no breaking down of the wall between the antheridium and 
the oogonium and so supposed that no conjugation took place. 


Harper in his work (1896 and 1905) on Spherotheca castagnei was 
able to observe the actual migration of the male nucleus through the 
conjugation pore and the fusion of the male and the female nuclei taking 
place in the oogonium. Contrary to these findings Dangeard (quoted 
from Wentzel, 1929) “fails to find any evidence of a conjugation 
pore between the antheridium and the oogonium. He claims to have 
examined so much material that failure to find a conjugation pore 
must be accepted as final and indisputable proof that it does not exist” 
(quoted from Wentzel, 1929). 


Blackman and Fraser (1905) in their work on Spherotheca humili 
actually observed four cases in which the oogonium and the anthe- 
ridium were in open connection and they are convinced that a fusion 
of male and female nuclei does take place in the oogonium. 


Wentzel (1929) working with E. aggregata observes no actual 
fertilisation in the oogonium. He states that with the exception of 
supposed fertilisation or fusion of oogonial and antheridial nuclei all 
subsequent stages are present. 


Allen (1936) in her work on E. polygoni on Delphinium observes 
a nucleus passing directly from one hypha to the other. No indication 
has been seen by her of the nuclear fusion occurring in the fusion cell. 


In the discussion in her paper just quoted, Allen refers to unpub- 
lished data in her work on E.cichoracearum on sunflower. She 
observes the passage of a nucleus from one older hypha to another. 
This mode of fertilisation is achieved without the formation of any 
reproductive branches. There is nothing here that could be labelled 
as ‘‘antheridial” or ‘‘oogonial” branch. 


Colson (1938), working on Phyllactinia corylea, is convinced that 
the antheridial nucleus does not migrate into the oogonium at all but 


_ degenerates in situ. The antheridium is, therefore, in her opinion, non- 


functional and the further development of the oogonium apogamous. 
The two different-sized nuclei occurring in the oogonium at an earlier 


i stage of its development in Phyllactinia corylea (as in other members 


of the group) are derived from the original, single oogonial nucleus, 
though she has failed to observe the nuclear division which results in 
the formation of the first two nuclei in the oogonium, 
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In the present work on E£.acaci@ no nuclear fusion has been 
observed in the oogonium. A solitary case where the male and the 
female nucleus might be suspected to be in the act of fusing in the oogo- 
nium is shown in Fig. 12, but it is also possible that these two nuclei 
are merely superposed. 

All workers are, of course, agreed about the nuclear fusion in 
the ascus. 


With regard to the pairing of the nuclei or their conjugate division 
in the ascogonium and ascogenous hyphe, no positive evidence was 
obtained in the present work. The ccenocytic condition of the asco- 
gonium is restricted to the binucleate condition of the oogonium. 
Further nuclear division is apparently accompanied by simultaneous 
formation of septa. Each of the resulting row of 4-5 cells contains 
one nucleus except the penutimate one which contains two. E£. acacia 
agrees in this respect with Phyllactinia corylea, Spherotheca castagnei 
and Erysiphe aggregata, but differs from Erysiphe communis, in which 
according to Harper (1896), the ccenocytic nature of the ascogonium 
persists for a short time before septation occurs. Colson (1938) also 
notes and figures a quadrinucleate ccenocytic condition of the asco- 
gonium in Phyllactinia corylea. The formation of septa, however, 
results in a row of three of four cells, each provided with a single 
nucleus except the penultimate one which is binucleate. Dangeard 
(quoted from Gwynne-Vaughan, 1922), on the other hand, working 
with E. polygoni and E. cichoracearum observes that the oogonium 
undergoes septation before a row of nuclei is formed and the cells 
other than the penultimate also contain two or more nuclei. Unlike 
Allen (1936), working with E. polygoni, no coenocytic mazes have been 
noted in the present work. The ascogenous hyphe consist mostly of 
uninucleate cells with occasional binucleate cells intervening. 


As regards the origin of the ascogenous hyphe in E. acacia, 
no clear evidence was obtained of these arising exclusively from the 
penultimate binucleate cell of the ascogonium and of the resulting 
ascogenous hyphe containing regularly pairs of nuclei in each cell 
undergoing conjugate division. In fact, owing to the intricate arrange- 
ment of the hyphe it was found impossible to trace the further growth 
of the ascogenous hyphe. Harper (1896 and 1905) also encountered 
the same difficulties in E. communis and in  Phyllactinia corylea. 
Colson (1938) states more definitely that in Phyllactinia corylea the 
ascogenous hyphe grow out from the middle (binucleate) cell of the 
fertile branch. They are multinucleate and non-septate at first and 
then become septate so that rows of binucleate cells are formed with 
a uninucleate cell at the top and base of every row. No such regular 
arrangement of binucleate cells has been observed in E. acacia. 


Coming to the last question whether a double reduction of chromo- 
some numbers (brachymeiosis) takes place where double nuclear fusion 
occurs, Harper (1905) in his work on Phyllactinia corylea found, 
strangely enough, that eight chromosomes persist throughout the three 
divisions of the fusion nucleus of the ascus in spite of the two nuclear 
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fusions in the life-history and, therefore, no evidence for brachymeiosis. 
Colson (1938), on the other hand, working with the same fungus reports 
only one nuclear fusion—that in the ascus and ten chromosomes 
throughout its life-history. She regards the ten chromosomes in the 
early metaphase of the first division of the fusion nucleus in the ascus 
as being bivalent in nature. She, therefore, holds that only one reduc- 
tion division takes place. Except for the difference in the apparent 
chromosome number in Phyllactinia corylea and E. acacia, eight or 
ten in the former and four in the latter, the writer finds a perfect simi- 
larity in the nuclear behaviour. Harper, however, supposes that each 
of the eight chromosomes in the fusion nucleus of the ascus must be 
quadrivalent (because of his conviction that nuclear fusion takes place 
in the oogonium also). The writer, on the other hand, in agreement 
with Colson observed no fusion in the oogonium. He, therefore, 
regards the chromosomes in the fusion nucleus as bivalent structures. 
Winge (quoted from Gwynne-Vaughan, 1922) working with Spherotheca 
humuli reports yet another situation. He holds that no fusion takes 
place in the oogonium. Nevertheless, as Gwynne-Vaughan (1922) 
states, “the only record of the chromosomes is that of Winge who 
describes eight chromosomes in the first and second mitosis and four 
in the third, and suggests that a brachymeiotic reduction takes place’’. 
In £.acacie the writer has found four gemini (inferentially) on the 
equator of the spindle in the first division of the fusion nucleus in the 
ascus. These gemini separate into two groups of four chromosomes 
which travel to each pole (reduction division), and this reduced number 
persists in the two subsequent divisions. There is, therefore, no evi- 
dence for brachymeiosis. 


CYTOLOGICAL COMPARISON OF SPECIES OF Erysiphe 


Comparing EF. acacie with EF. polygoni with which it had been 
formerly identified, it can be seen that there is a cytological justification 
for the separation of the former from the latter. In addition to the 
developmental differences of the ascogenous hyphe, the present investi- 
gation has brought to light the very important difference in the specific 
chromosome number which is 4n in E. acacia and has been reported to 
be 8n for E. communis. This species was later merged by Salmon 
(1900) in £. polygoni. The separation by Blumer of E. acacia 
from E. polygoni purely on the morphological ground of the greater 
size of the perithecia is thus seen to be amply justified by an important 


cytological difference. This suggests that a cytological investigation 


of the species of Erysiphe in which the chromosome numbers are at 
present not known offers a promising field for investigation. 


CONCLUSION 


From the above discussion it appears that not only is it impossible 
to make a generalised statement as to the sexuality and the associated 
nuclear phenomena applicable to all Ascomycetes, but it is also equally 
impossible to make a similar statement for even a single family like 
Erysiphacee. The outstanding phenomenon of triple division of the 
fusion nucleus in the ascus is, however, common to all Ascomycetes 
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and offers, as has been pointed out by Harper (1905), a striking con- 
trast to the double division of the nucleus in the spore mother cell 
of the other groups of plants. When double fusion and double reduc- 
tion in chromosome numbers have been undoubtedly proved to occur 
(Fraser, 1908; Carruthers, 1911; Gwynne-Vaughan and Williamson, 
1931 and 1932) the orthodox explanation of double reduction being 
necessitated by a double fusion would seem satisfactory. However, 
Darlington (1938) summarising the knowledge of meiotic phenomena 
in his Recent Advances in Cytology asserts that “it is no longer 
possible to imagine that by tacking on a third (division), as in 
‘brachymeiosis’ two reductions in the ordinary sense can be produced”. 


The positive evidence in chromosome numbers for brachymeiosis 
is available only for a small number of the species investigated. On 
the other hand, the negative evidence (failure to observe a double fusion 
and a double reduction in chromosome numbers) seems to be pre- 
ponderating, but by its very nature cannot be absolutely convincing. 
Great difficulties have been encountered by most workers in finding 
suitable stages of nuclear divisions anywhere else than in the ascus 
and in following up the happenings in the oogonium which becomes 
promptly enveloped by hyphe forming the perithecial wall. The triple 
division of the fusion nucleus in the ascus still offers a challange to 
cytologists for investigation and satisfactory theoretical explanation. 
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SUMMARY 


1. The development of the perithecium and the cytological pheno- 
mena associated with it in Erysiphe acacia Blumer have been investigated. 


2. Definitely organised and recognisable antheridia and oogonia 
are found which, in all probability, are functional. Both the anthe- 
ridium and oogonium are uninucleate to start with, but many cases 
are met with in which the oogonium to which an empty antheridium 
is closely applied shows two nuclei, often with an appreciable difference 
in size between them. 


3. Nuclear migrations have been observed between ordinary 
vegetative hyphe, but there seems to be no connection between these 
migrations and the development of the perithecium. 


4. The binucleate oogonium (now to be looked upon as the asco- 
gonium) after the division of its nuclei, is converted into a row of three 
to five cells each with a single nucleus except the penultimate one which 


is binucleate. The ascogenous hyphe presumably originate from this 
binucleate cell. 
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5. The hyphe proceeding from the oogonial and also antheridial 
stalk cells begin to envelop the oogonium-antheridium complex and 
form the perithecial wall. 


_6. The ascogenous hyphe develop into an intricate mass of cells 
which are uninucleate and not coenocytic as described for some other 
forms of Erysiphacez. 


7. The centrally placed cells of the mass of ascogenous hyphe 
then begin to degenerate and create spaces into which fresh ascogenous 
hyphe grow centripetally from the surrounding cells. 


8. These centripetally growing hyphe consists of uninucleate 
and binucleate (rarely trinucleate) cells. 


9. No regular pairing of male and female nuclei and no conjugate 
division of nuclei have been observed in the cells of the ascogonium. 


10. The asci develop usually from terminal, but occasionally 
from sub-terminal cells of the ascogenous hyphe. The details of the 
development of asci—nuclear fusion and three successive divisions of 
the fusion nucleus and the formation of eight ascospores in each ascus 
—have been described. The number of asci in a perithecium varies 
from 10-28. 


11. The apparent number of chromosomes throughout the three 
successive nuclear divisions in the ascus is four. The four chromo- 
somes observed at the equator of the spindle of the first division of the 
fusion nucleus are interpreted as bivalent in nature separating into 
two groups of four univalent chromosomes at the anaphase (meiotic 
division). The two subsequent divisions are regarded as mitotic. 


12. Nothing that can be interpreted as brachymeiosis has been 
observed. ’ 


13. The findings in this work have been compared with those 
of other workers with other forms of Erysiphacee and their bearing 
on the problem of sexuality in the Ascomycetes discussed. 


14. The bearing of the cytological findings on the taxonomy of — 
Erysiphe acacie has been indicated and it is found that there is a good 
cytological support for Blumer’s separation of this fungus on a purely 
morphological ground—the greater size of the perithecia—from 
Erysiphe polygoni. The specific chromosome number has been ascer- 
tained to be four in Erysiphe acacie as against eight in Erysiphe 

olygoni. ; 
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